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INTRODUCTION. 



It might appear proper in a work of the nature of 
the present, whose object is to render a subject df 
science agreeable to the general reader, to begin by 
pointing out its general usefulness. But in the pre- 
sent state of civilization and knowledge, extended 
and cultivated wherever the European race of man 
has spread its families, we may be permitted ta as- 
sume that it is unnecessary to make an eulogium of 
astronomy. 

We daily witness the arrival in our ports of nu- 
merous vessels that interchange the products of the 
soil, of the industry, and skill of every quarter of the 
globe, and which are guided in their course by the 
practical application of this science It would be, 
therefope, "almost an insult on the understanding of 
our readers, to undertake to prove formallyi that 
astronomy is of practical utility to mad, and exerts 
an important influence on his wants and his enjoy- 
ments* Even the least instructed is aware that 
without its aid he would be ignorant even of his 
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IT INTRODUCTION. 

own age, as we Bhould without it have no chronolo- 
gy, and no calendar. 

It is in this science that the human mind has 
exhibited its greatest capacity ; in it the imagination, 
aided by the most profound calculations and combi- 
nations, has made advances the most honourable to 
the genius of our race, and has shown the dignity of 
our being more clearly than in any other branch of 
human knowledge. The boldest hypotheses have 
been confirmed by the most subtile calculations, 
executed with mathematical exactness, on the basis 
of observations made by the most piercing eyes, 
aided by the utmost perfection of the arts. 

The commencement of the present century has 
been especially embellished by the most brilliant 
success : planets have been discovered, in conse*- 
quence of theoretic views of their probable exis- 
tence, of the laws of their motioil, and even of 
catastrophes that have served to determine their 
present state ; comets, the terror of darker ages, 
have been followed by the mind's eye through the 
whole of their course, and their returns to the sphere 
of actual vision determined and predicted { others 
have been detected within the limits of the planetary 
bodies, and approaching in the elements of their mo- 
tions so near to them, as to make it doubtful where 
* 

1^ we are to place the line that distinguishes the two 
classes. 
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Among the fixed stars, systems have been disccH 
vered moving under laws, apparently, nay we may 
say positively, the same as those which govern our 
own system. Such results have united more closely 
to our system those bodies which appear sti'angers 
to it, and extended the laws of it to infinite dis- 
tances ; they have rewarded the efforts of human 
talent, by bestowing gratifications the most lively, 
and the most elevated. 

Although we do not wish to dwell longer on the 
physical interest of astronomy, still it will not be 
irrelevant to speak here of the moral influence this 
science exercises on those who cultivate it, and the 
elevation of mind with which it is calculated to 
inspire man. 

Who is there that has not been struck with admi* 
ration at the sublime spectacle of a clear night, 
adorned with countless stars, that appear to grow in 
number the more attentively they are contemplated ? 
But how much more elevated are the feelings and 
delights of him who in this profound silence disco- 
vers by the aid of his intellect, the laws of an ever- 
lasting movement. If in this state of enjoyment he 
be tempted to pride himself on his intellectual pre- 
rogatives, he is recalled to a just estimation of him- 
self, by a comparison of the immensity and order 
that reigns in the celestial bodies with his own 
feebleness, and that of the efforts he is capable of 
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▼I INTRODUCTION. 

producing by the strength of his own means. He 
is thus led to appreciate the immense superiority of 
his intellectual energies over the mechanical powers 
that he can exert, of moral and mental enjoyments 
over those which are physical and corporal. 

It would be useless to attempt to impress moral 
truth upon a heart directed by an empty head ; nei- 
ther preacher nor orator can ever effect this. The 
immutable laws of the mechanism of the heavens 
are the fullest and loftiest image of the immutability 
of the laws of morality, as well as that of their uni- 
versal sway, and their inevitable influence. 

The study of science in general represses the 
passions, but what study can do this so effectually, 
and at the same time withdraw the attention from 
the petty passions accompanpng the business of 
every dfiy life so completely, as that science which 
withdraws him wholly from the earth, and which 
does not permit him to consider even the entire 
mass of beings of his own species as the sole object 
of the solicitude, or as the only end of the organi- 
zation of the great and eternal combination that he 
observes, and of which he calculates the movements. 

Can it be conceived that a man, convinced that, 
were he even transported to another planet, he would 
find the same laws with which he has occupied his 
mind in this, the place of his birth, equally true and 
useful, would not be a good citizen in any country 
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to which he might be transported ; he cannot be a 
stranger in any place ; his moral dispositions, like his 
occapations, are not united to his nation, they fit him 
for being equally useful in every part of the globo^ 

A man accustomed calmly to contemplate the 
revolutions of the celestial bodies, on which depend 
the fate of worlds, sets a small price on the variations 
that fortune may cause him to undergo, and on the 
little masses that she has at her disposal. How 
small appear to him the greater part of the objects 
of human desire ! In labouring to obtain his share of 
them, he cannot forget his moral position in regard 
to them, nor sacrifice his character to obtain his 
»hare of them. He may have need of the gifts of 
fortune, but he can never permit the desire of them 
to preponderate, or make of them his idols and his 
glory ; they have no value with him but so far as 
they are applicable to the advancement of happi- 
ness, and to the promotion of the general good, that 
is evidently the object of all, however misunder- 
stood it may be in individual cases. 

The intrigues of power are despised by him, and 
even when obliged to submit to them, his mind is 
unconquered ; as Galileo, when he was compelled 
to undergo the sentence of public recantation, for 
having taught the revolution of the earth, rose from 

his knees in saying, " for all this it turns," (e gira 

« 

nemeno). 
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His exit from this world is calm and fearless. — 
Accustomed to contemplate the great and immutable 
laws of nature^ he obeys them without murmuring 
as without dread. 

O quant contemta res est homo, nisi supra hu^ 
mana surrexerit. 

Seneca quest Nat. L. I. 
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A BUOHT itttention will make the Plates and Tables easily ujo- 
derstooiL 

In the Plates, the references have been avoided as much as pos« 
sibloy by writing in full all the most necessary explanations and 
references. 

In Plato I. the orbits of the Comets are distmguished from those 
of the Planets by being drawn in somewhat stronger lines. 

The Tables will easily be understood, as, in general, they have 
the Planets at the heads of the columns, and any of the terms in- 
quired into, as indicated in the margin, will be found in the column 
of the corresponding Planets. 

Table Y. presents more properly what is called in Astronomy a 
Table of Double Entry, or similar to the Pithagorcan Multiplication 
Table ; the planet, as ranged in the lefl hand column, will see each 
of those marked at the heads of the columns as indicated beneath 
this second planet, when in their greatest elongation from the Sun. 

TTherever double numbers appear in the tables for the same re- 
sult, the upper indicates the best determinations followed until very 
lately, and the lower denotes the newest result obtained ; those 
numbers only that are different are written, the — indicating the 
repetition of the upper numbers. 
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GEjmRAL DESCRIPTIOJ^ OF THE SOLAR 

SYSTEM. 



CHAPTER I. 

Cteneral Vletjo of the Planetary System, and Laws of the 

Motions of the Planets. 

^ 1. The first subject which presents itself to our con- 
sideration in AsTRONOMTy because the most near and most 
interesting, is that system of celestial bodies, of which the 
Earth, our abode^ forms a pai^t; and which is called the 
Solar System. 

The respective position of the planets, the laws of 
their revolutions around the same central body, the Sun^ 
their mutual influence, and the appearances presented to 
a spectator placed upon the earth, are objects of inquiry the 
most interesting ; and even the more detailed knowledge that 
we may be able to collect, in relation to their physical na- 
ture, presents a peculiar gratification, both from the success 
obtained in this inquiry, and in consequence of their evident 
relation to the earth in their general laws and organization. 
. ^ 2. The primary planets which revolve around the sun, 
at far as they are known to us at present, are eleven in num- 
1 
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ber ; they are solid opaque bodies, of a figure approaching 
the sphere. In the order in which they succeed each other 
from the sun, they are the following: Mercury, ^ ; Ve- 
nus, 9} Earth, 0^ Mars, ^; Vesta, fi'; Juno, S; Ceres, ?f 
Pallas, $ ; Jupiter, U ; Saturn, ^ ; Uranus, ^ . — (The 
marks added to the names being usually employed to de- 
signate them.) 

Uranus was discovered by Herschel, in 1781 ; Cere» 
by Piazzi, in 1801; Pallas by Olbers, in 1802 ; Juno 
by Harding, in 1804; Vesta by Olbers, in 1807. All the 
others have been known from the most remote antiquity. 
The greater size, and the brilliant light, of these latter 
planets, rendering them conspicuous to the naked eye, they 
very soon attracted the attention by their seeming irregu- 
larity of motion among the numberless other starSf apparently 
fixed ; and from this property of an apparently erring course, 
they derive the name of Plm%ti9, 

The five smaller planets, discovered in our days, within 
the space of about twenty-six years, inferior in brilliancy, 
ranging even low in the rank of apparent magnitude, 
by which the stars were generally distinguished, escaped 
the distinct pursuit of the naked eye. — ^We owe tbi» 
discovery to the greater perfection, and consequent lo- 
creased power, of our means of artificial vision. What 
,is still more remarkable, the discovery of the two pla- 
nets, Juno and Vesta, was directed by the theoretical sup- 
position of Olbers, that the two previously discovered, Ceres 
aqd Pallas, were too small to fill the rank of a planet, in 
their position in the Solar System ; aSssigning, at the same 
time, the nodes of the'se as the proper place to look out fer 
their fellow planets ; they were therefore discovered by the 
application of theoretic principles, afibrding no small confir- 
mation of the theories of astronomy, and manifesting the 
advanced state of the science. 

^ 3. The more considerable of these planets present to 
us, en a smaller scale, systems of celestial bodies similar te 
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the Solar System itself, being accompanied in their revolution 
around the sun,' by one or more satellites^ that perform revo* 
lutions around their primary planets, in the same manner as 
these do around the Sun. Thus our Earth is accompanied 
by the Moon ; Jupiter by four satellites or moons, similar to, 
but larger than ours; Saturn has seven, and, besides, presents us 
with the peculiar phenomenon of being surrounded, at some 
distance, by a double ring, flattened, and .o( comparatively 
small thickness : finally, Uranus has seven satellites. 

^ 4. The discoveries of late years have also familiarized 
us with the comets, as parts of our Solar System, instead'of 
^traordiaary' messengers of misfortune, as they were consi- 
dered by our ancestors, who were unable to calculate their 
course and predict their return. Several of them hardly 
pass, in their farthest, distance from the Sun, beyond the 
orbit of Jupiter, and perform their revolutions in less time 
thto the larger, or remoter planets; it is, therefore, their 
smallness and want of light, not their distance, which renders 
them invisible to us during a part of their revolution. Of 
•ome, several returns have already been observed, and the 
influence of the proximity of the Planets upon their course, 
has been calculated. From the first, and then hardly credited, 
predicdon of Halley, of the return of the comet of 1 682| 
which was verified in 1759, further success was suspended, 
until Olbers discovered for .the comet of 1815, an elliptical 
orbit, and a time of revolution only a few years less than 
that of 1759. The last decennium has shown us comets^ the 
orlnts of which approach so near those of the Planets at a 
mean distance from the sun, that we can refuse them the pla- 
netary rank only on account of their apparent physical con- 
stitution. Not a year passes without presenting astronom'ei^s 
with at least one or two comets ; their varied courses in all 
parts of the immense space occupied by our Solar System, 
show a fiillness and abundance, of which old systems of as- 
tronomy could not fumkh an idea. 
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§ 5. All these planets and comets perform their revolu- 
tions around the sun in curves called ellipses^ in such a man- 
ner that the sun always occupies one of the foci of them all* 
The great difference between the two diameters of this curve 
in cometary orbits has reduced their approximate calculation 
to that of the parabola. This curve deviates from the ellipse 
only by supposing the distance of the foci to be infinite, and 
is therefore appropriate, because we are unable to deter- 
mine their distance ; and because we see comets only in one 
of the parts of their orbit nearest to the sun. 

These orbits are differently inclined towards each other ; 
the planetary orbits, however, deviate much less frdm each 
other than those of the comets. In Plate I. they are repre- 
sented as projected upon the plane of the orbit of the earth, 
which is called the Ecliptic. Plate II. represents the section 
of all these orbits in a plane perpendicular to the ecliptic, 
and to the equinoctial line, which forms in this a dia- 
meter : it represents, therefore, these inclinations as seen from 
a point at an infinite distance in the prolongation of this line 
through the point O^T, from which it is generally agreed to 
count in stating the position of celestial bodies. Table I. 
annexed to this work, contains all the numerical elements of 
the orbits of the planets according to the most accurate and 
newest determinations, and also in approximate numbers for 
the ease of common comparisons* Table II. gives data for 
the individual natures of the planets in magnitude and x)ther 
numerical determinations depending thereon. Table IV. pre- 
sents the elements of the orbits of some of, the principal 
comets. A comparison of the data of these tables will easily 
suggest to the mind a variety of circumstances and facts, 
which the longest description could with difficulty present. 

^ 6. Though the orbits of the planets and comets are in 
their general form ellipses, these are, however, only approx- 
imations to their real course. The general and simple law, 
which guides the mechanism of all the celestial motions, oc- 
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casions deviations, in consequence of the mutual influence of 
the planets upon each other; these form the principal object 
of astronomy, as they form the main, or rather only cause i[tf 
the great complication of appearances, and of the calculatioQ^ 
that are necessary to render an account of them ; by their 
Tarious combinations it happens^ that, strictly speaking, no 
celestial body ever returns to the same absolute point which 
it has once occupied ; still this general law and its conse- 
quences enable, us to calculate these positions to an astonish- 
ing degree of accuracy for a great length of time before, or 
after, any given moment* 

§ 7. Circular figures were first attempted to be ascribed 
to the planetary orbits, as it appeared natural that the sim- 
plest curve we know should be that which nature had chosen; 
but here, as in many other parts of her great works, it has 
been proved, that what we should consider simple, has not 
always been the means which she preferred. Failing in re- 
presenting the phenomena by direct circular motions, a cojoi- 
bination of small circles revolving upon the circumference of 
greater ones, was attempted without success. It is useless at 
present to give an account of these exploded systems, which 
have vanished before that of Copernicus^ confirmed by the law 
of Vniversal Attraction or Oravitation^ inherent in all matter, 
which governs its mechanism in the most minute details, add 
has rendered us the most accurate account of all the pheno- 
mena which we observe. These old systems belong now only 
to the history of the science, whose scope it is to follow the 
uncertain steps of error as well as of truth, to show how to 
avoid the former and to attain the latter : here we intend to 
avoid the spectacle of human errors — to enjoy the contemplar 
tion of scenes and reflections elevating the soul of the reflect- 
ing man to much superior enjoyments. 

^ 8. The law of Universal Oraviiaiion, as simple in its ge- 
neral expression, as fertile and complicated in its consequences^ 
is thus expressed : 
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AU bodies whatsoever have a mutwtl tendeney to approach 
#kieA other toith forces directly as their masses^ and inversely as 
ihe square of their distances* In this shape it was expressed 
by Kepler^ (de motibus Stellas Martis, 1609,) long before 
the pure mathematics were so far advanced as to submit it to 
the test of accurate calculation, which Newton bad the ge- 
bIus and good fortune to effect about eighty years later. 

The revolution or motion of the celestial bodies, considered 
in itself, is a simple fact, which we have to record, and which 
we observe connected with this general law : the primitvoe 
cause or impulse^ occasioning these motions, is unknown, as 
much as the cause of the gravitation itself; and both it would 
be useless for us to know. The simple, indivisible facts 
which nature presents to us, philosophy merely expresses 
distinctly ; and thus accurately defined, they furnish the data 
for mathematical calculations. 

^ 9. The special laws of these revolutions of the planets 
and comets, for the discovery of which we are also indebted to 
Kepler, are the three following : 

A. The planets describe ellipses around the sun^ which oo- 
eupies one of the foci of the curve, 

B. The planetSj in their course around the sun^ describe 
sectors^ whose arcs are proportional to the time employed to 
iiscribe them, 

C. The square of the times of revolution of the different 
jflanetSy are as the cubes of their mean distances from the sun. 

To these laws the comets are equally subjected. Kepler 
deduced them at first from a combination of the observations : 
they have since then been proved to be general consequences 
of the law of universal gravitation* 

We are also indebted to Kepler for a simple approximate 
expression for the relative distances of the planets from the 
sttn, which may be thus stated. The distance of Mercury 
from the sun being etptm%ed by the number 4, the following 
series will present the approumate distances otuHl the pla- 
nets we are acquainted with : 
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This farther planet would therefore be at nearly double the 
distance of Uranus. These numbers, which at the time of 
Kepler it appeared almost presumptuous to mention, have 
received a singular confirmation by the modern discovery of 
five more planets, the four smaller ones of which verified the 
idea of Kepler that one more planet at least was to be found 
between Mars and Jupiter, if not lost by some catastrophe. 
And it was upon the hypothesis of such a catastrophe, that 
the discovery of the two last was made. 

Uranus, though considerably larger than the earth, is from 
its distance hardly perceptible to us ; little hope, therefore, 
can be held out, that we shall ever discover a planet belong- 
Vkf^ to our system at a distance more than double, which this 
law of their succession would appear to indicate as the nearest 
that can exist. 

^10. The orbits in which,, the planets perform their re^ 
volution, (continuing the usual and convenient language of 
approximation,) are difiereptly inclined to each other : they 
form .planes intersecting each other in straight lines differently 
situated, but aU passing through the mip as a point common 
to all these planes. (See Platf IL) ' 
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The lines of these intersections are called the lines of the 
nodes, and it is evident that every two planes will present 
one distinct from all the others. We, as inhabitants of the 
Earth, consider principally those formed by the intersection 
of each planetary orbit with ours, or with the ecliptic, as it 
has been called ; the same mode of proceeding in their astro- 
nomy would be natural to the inhabitants of any other pla- 
net. It naturally follows, that each plane of the orbits, whe- 
ther of the planets or comets, lies partly on one side of the 
ecliptic and partly on the other. Astronomy having been 
more cultivated in the northern hemisphere of the earth than 
in the southern, th^ language of appearance is even kept up 
so far as to call the part of a planetary orbit lying towards 
the north the upper, and that lying towards the south the 
lower, and therefore the point of the ecliptic where the planet 
will enter into the northern part of its orbit is called the crt- 
eending node, and marked thus, q , while the point directly 
opposite, or where the planet enters the part of its orbit south 
of the ecliptic, is called the descending node — marked 8. 
These points, with the indication of the lines of intersection 
with the ecliptic, and also their reference to the general di- 
rection in space, as indicated by the subdivisions of the 
ecliptic, of which we shall soon speak, are seen in the first 
plate, at each place of the orbits and their references re- 
spectively, in the division of the margin. 

§ 11. We can now perceive the necessity of a mode of 
indicating the positions, and, as we might call it, registering 
the places of the celestial bodies at any moment, in order to 
ascertain the particulars of their motion or rest. This has 
been done in the most ancient times by the division of the 
ecliptic into twelve signs, in the order in which the planets 
perform their revolutions, considering this plane indefinitely 
esctended. In this order the signs' are as follows: viz. 
Aries ( T ), Taurus ( » ), Gemini (n). Cancer (S), Leo (a), 
Virgo (tTJt), Libra ('^), Scorpio (m), Sagittarius (/ ), Ca- 
pricornus (V5), Aquarius (^), Pisces (^). It is usual, in 
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EngHsb, to preserve the Latin names, and to designate tliem 
by the signs here affixed to them. But a more convenient 
habit also prevails, to denote them merely by their number 
in the above order. 

The general custom in mathematics of dividing the cir- 
cumference into 360 degrees, gives to each of the signs SO 
degrees. These signs corresponded anciently to certain col- 
lections of fixed stars, designated by the names of constella- 
tions, to which figures were given corresponding to these de- 
nominations. But the point of intersection of the protracted 
planes of the ecliptic and the equator of the earth from which 
these denominations begin with 0^ T, being afifected by a re- 
gular retrograde motion, (the subdivisions used by astrono- 
mers counting always from this point,) the coincidence of 
these divisions with their corresponding constellations is far 
firom taking place now. This deviation amounts, at the pre- 
sent, to upwards of one whole sign, or thirty degrees. 

In determining the position of a planet, a comet, or a fixed 
star, the division just stated is used, without reference jto the 
constellations, and has regard to this point of intersection 
such as it will be at the moment in question ; therefore in 
designating a place, either future or past, this retrograde 
motion is accounted for either by the retrogradation that it 
will have acquired, or the advanced position which it still 
had at the time. 

Neither is the angle between these two planes constant, 
but varies within a limit of about one degree and one-third, in a 
revolution so slow as to require thousands of years to accom- 
plish it. The determinations of our epoch in astronomy in- 
dicate a diminution of about fifty seconds of a degree in a 
century; this variation is therefore called the diminution of 
the obliquity of the ecliptic. 

^12. To determine completely the position of a celes- 
tial body in space, we have still to assign to it the angular 
distance which it presents on either side of the plane of the 
artificial ecliptic as above explained, in a circle perpendicular 
2 
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to this plane, and towards its pole, or the latitude north or 
south towards either of these poles of the ecliptic. Thus, by 
transferring to the celestial sphere our habitual language in 
assigning the situation of places on earth, we give to the 
celestial bodies longitudes counted from the point of the mo- 
mentary intersection of the planes of our equator and eclip- 
tic, and latitudes counted from the plane of the ecliptic to- 
wards either of its poles, north or south. In like manner, we 
can evidently determine the position of the orbit of any pla- 
net, by giving, beside the angle of inclination, the longitude 
of a certain point of the curve and that of one of the nodes : 
for the first it is usual to select the point in the greater axis, 
where the planet in its revolution is nearest to the sun — for 
the second the ascending node, as explained above. The 
lines 17 and 18 of Tablk L give these determinations for the 
first day of the present century, which is that used in con- 
stmcting Plate I. and IL 
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CHAPTER n. 

Positions and Revolutions of the Phnets^ and their general 

consequences. 

§ 13. The results of the observations of centuries have 
enilbled us -to determine the elements of the orbits of the pla* 
nets, and their positions in them according to the lawB above 
stated. In the €en first lines of table I. are to be fotind the 

I 

elements of the planetary orbits ^ven with all the accuracy 
that has been at present obtained. To have the means of de- 
termining their distances, recourse is had to the unit which 
presents itself most naturally among them, namely, half the 
greater axis of the earth's elliptic orbit. In this unit and its 
decimal parts, all the distances which refer to the orbits of 
planets or comets are usually and most naturally given wher- 
ever reference is had to lineal dimensions. The comparison 
of the first and the second line of Table I. shows the dif- 
ference between the two semi-axe&of the ellipses described 
by the planets, which might be called their ellipticity : the 
fourth line, in ^ving the half distance of the foci in the same 
unit, serves equally to give an idea of the eccentricity of 
these orbits ; while the third line, which expresses the same 
in a trigonometric function, is principally for astronomical 
use. The lines, 1, 2, and 4, it will easily be observed, are 
principally subservient to the mechanical description of the 
orbits. None of these orbits deviate very much from circles, 
for it will be seen that even of the largest orbit, that of I7ra- 
nt», the two foci lie within the orbit of the earth, their dis- 
tance being only about one-twentieth of the greater axis of the 
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orbit ; of the other planets, Juno and Mercury have the great- 
est proportional ellipticity, and next to them are the other 
three newly discovered planets. Among the old planets, the 
greater eccentricity of Mars, joined to the facility of observing 
\i, furnished Kepler with the principal means for his great 
discovery of the fundamental laws of all planetary motions, 
which still bear his name, (see ^9.) Mercury remains too 
long immersed in the light of the sun, and consequently pre- 
sented difficulties to astronomers, nntil the introduction of 
greater optical powers enabled them to follow its course dur- 
ing the presence of the sun above the horizon. It will ailso 
be observed by the fifth line of Table L, as a distinction of the 
fbtir newly discovered planets, that their orbits have greater 
inclhiations than those of the ancient planets, and that the in- 
clination of Pallas particularly exceeds by far all that was 
expected to be found for the orbit of a planet. The discovery 
of these planets, therefore, extended the limits formerly as- 
signed to the zodiac, which had been considered as a belt of 
9^ in breadth on each side of the ecliptic, and which, divided 
into the signs of the ecliptic above describedji formed the celes- 
tial houses of ancient astronomy; this maybe seen in Plate II. 
^14. The sixth line of Table I. gives the time of a si^ 
dereal revolution of each planet, in days and decimals : this, 
though an individual measure taken from the peculiar phe- 
nomon of the rotation of die earth around its axis^ is the only 
measnre of time which nature presents to us— -the seventh line 
contains the same quantity approximately in years, days, 
hours, be. and all of which are either multiples or submulti- 
ples of the same unit. The sidereal revolution is the time 
which the planet employs to return to the same longitude in 
respect to the fixed stars ; it is therefore independent of the 
retrogradation of the equinoxes mentioned above, which re- 
fers only to the earth^s position in respect to its own orbit. 
The revolution of the earth is the measure of the year, and 
might therefore ahb be taken as a unit to measure the other 
evolutions bv itt but as it does not contain an exact number 
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of days, it is cather more advantageous to use these in accu- 
rate indications of time. We shall hereafter see that even 
this unit, admits varieUeSy and that various subdivisions of 
time result from the motions of the earth, the principles of 
which, as w^U as their application, will be explained in their 
proper place^ 

^15. The mutual influence of the planets upon their re- 
volutions, as stated ^ 6, of course depend on the temporary 
combination of their positions, so that any certain effect is 
merely instantaneous. But by the continued effect of them 
all certain ultimate effects result upon the parts of the orbits, 
considered as their fundamental elements ; these being only 
sensible after long periods of time, life generally called by 
the denomination of secular variations, though they are not 
in any way bound to such a period, which is only used as an 
easy means of accounting for their effect in ordinary astro- 
nomical calculations. These will be found in Tabls I., lines 
12, 13, 14, 15, affected by the arithmetical signs of +, or 
— , to designate whether they act in augmentation or in dimi- 
nution with the advance of tinte, counting their effect in the or- 
der of the signs of the zodiac. These small variations, there- 
fore, show the slow and gradual changes which the' whole 
system undergoes in process of time, and explain the neces- 
sity, in any representation of the state of the solar system, of 
adapting it to acertain epoch or tempofttry state. For instance, 
we have used for the plates and tables of this work the tem- 
porary epoch of the year 1800^ except for the planets dis- 
covered since, for which the epoch of 1813 has been chosen. 
It may easily be imagined that the table cannot present any 
very precise resnlts of the secular variations of these newly 
discovered planets ; they have, however,, already been at- 
tempted in the case of Ceres, which we have known for 
aboHt a quarter of a century. 

<^ 16. The eighth line of the table shows by means of the 
greatest equation of the centre, the extreme deviations of the 
positions of the planets from those which they would occupy 
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io circular orbits described with an Qniform motion, as was 
supposed in the old systems. 

In the line of the greater axis of the orbit, that is, in the 
points of a planet's perihelion or aphelion, (which is also 
called the line of the apsides,) from which the places of the 
planets in their orbits are reckoned, this variation is =3= ; 
because the two halves of the ellipses being equal, they cor- 
respond to equal times of the revolution, that is, each to half 
the revolution of the planet, considered as circular and uni- 
form. From thef;e two points, the extremes of the greater 
axis, the difference between the mean circular motion and 
the real planetary motion becomes greater as the angle made 
by the Radius Vector, «( that is the line from the sun to the pla- 
net,) with the greater axis increases, until, the planet being in 
the end of the smaller axis of the ellipse,it attains the greatest 
magnitude quoted in the table for each of the planets. The 
gr^at variation to which, by their proximity, the four small 
planets are subject, has not as yet permitted astronomers to 
determine this element of their calculations with a sufficient 
degree of accuracy, nor is it absolutely ipecessary. 

<^ 1 7. In comparing the whole revolution of a planet with 
the time it employs in performing it, we evidently obtain a 
mean angular velocity, which is given in the ninth line under 
the title of mean daily motion, and which would give the an- 
gle described by the planet in any given time by multiplica- 
tion into the number of days and parts of days elapsed in 
the interval, if the motion of the planets were regular : it is, 
therefore, the mean situation given by this element that is 
reduced to the real by the application of the equation of the 
centre, and the equations that represent the influences of the 
attraction of the other planets. 

To give an idea of the immensity of these velocities, com- 
pared with those that we are capable of producing on earth, 
the line 1 is added to the table, giving these velocities in feet 
for a second of time. Compared with the velocity ofacan- 
non-ball9 for which 2000 feet in a second is considered the 
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maximum, we see, for example, that while we consider our- 
selves at rest, we ^escribe with the earth every second fifty 
times as much space in its orbit as a cannon-ball would, be- 
sides the efiect of the angular motion caused by its rotation, 
which will hereafter become an object of our consideration. 
^18. Before a system of the universe was formed capa- 
ble of representing all the appearances under one law, and 
rendering them calculable, the synodic revolutions which are 
given in Table I., line 1 1, formed the principal, but irregular 
and uncertain, basis of the astronopiy of the planetary mo- 
tions. They represent the approximate common divisors of 
the times of the revolutions of the several planets, and the 
time of the revolution of the earth : they therefore bring 
about a return of the same series of appearances. But it is 
evident, that if these had been exactly regular, they would 
have given an accurate system by themselves. Their 
great oscillations, and the impossibility of reducing them to 
accurate epochs, renders them useless in the present state of 
astronomy, and no. more than objects of curiosity. 
. ^ 19. In this line has been placed, under the head of the 
earth, the duration of the mean solar year, which is the mean 
time of the retam of the earth to the same position in relation 
to the sun, in Uke manner as the sidereal revolution presents 
the return of the earth to the same position in relation to the 
fixed stars. These two epochs, which are both called years, 
•therefore difier from each other by the time which the earth 
employs to go through the part of its orbit comprehended 
between the point where it meets the same absolute point in 
the celestial sphere, to that where it meets the sun in the same 
position. As we have seen that the point from which we 
count the longitude of the celestial bodies, (namely, the equi- 
nox of the spring,) is affected by a certain motion, in an 
order inverse to the signs of the ecliptic ; so we may, and 
really do, form a third kmd of year of the return of the 
earth to itbis point, which, by the newest determination, is 
365,242264 days, or 365ds^ bhrs. 4Smin. blfisec.y and is 
called the equinoctial or tropical year. 
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^ 20. The magnitude of the distances of the planets from 
the suu or from each other, convinces us of the futility of 
expressing them in the small lineal drmensions which we make 
use of on the earth, as leagues, miles, feet, kc. But another 
expression of them in lineal magnitudes of another kind ap- 
peared to me not to be uninteresting ; namely, that in dia- 
meters of the sun and the ear^h. These, as introduced in 
lines 19 and 20, may serve as a kind of comparison between 
the distances of the celestial bodies and their magnitudes 
themselves, and in this way lead to interesting reflections. 
These numbers show, that it is impossible to represent in 
the same scale at once, both the sun, the planets, and their 
orbits, without exceeding the size admissible even in the 
largest atlas. For, giving to the sun only one-tenth of an 
inch as a diameter, the diameter of the orbit of Uranus would 
be about 35 feet, and the planets would still become micro- 
scopic magnitudes. Representing the earth under a diameter 
of one-tenth of an inch, that of the orbit of Uranus would be- 
come upwards of four thousand feet. In botU cases the orbits 
of the satellites, and still more the magnitudes of the planets, 
would become indistinct. I have given in Plate IV. the pro- 
portional magnitudes of the sun and the planets, to give an idea 
of the preponderating magnitude of the son as the central body 
of our system, which causes the great diflbrence between the 
two above indications. These details belong to the indi- 
vidual description of the planets, which is naturally separated 
from the account of their revolutions round oar central body, 
the sun. 

^21. Considering the gradual increase of the distances 
of the planets from the sun, it is evident that for any Afferent 
planet, ditferent phenomena in all these movements must 
be the consequence, according to the situation or rank 
and distance which it occupies in this system, and these 
will form what might be called the astronomy of appear- 
ances for each of tbe planets, according to the position it oc- 
cupies. The aspect of Plate I. shows, for instance, that to 



.I 



CHAPTCE II. 17 

ft 

Mercury, so near to the sup^ and therefore a)so never recede 
iDg far from the centre of th^, system, all the revolutions of 
the planets must appear as if performed around him, an4 
spiall as he i^, he may with more right than the inhabitants of 
the earth formerly did, consider himself as the central body 
— and it will be more difficult there to divest the inhabitant^ 
of this idea. If Uranus at the other extreme is, as it appear;^ 
now to us, the last planet of our system, the more general? 
ized aspect which this planet enjoys, places it rather in the 
situation of a spectator of the motions of our system than a? 
a partaker of them. While viewed from Mercury, all the 
planets appear to pass rapidly from the direction towards the 
sun, losing themselves in its rays, to a direction diametrically 
opposite ; Uranus sees all the planets only more or less ra- 
pidly approaching to or receding from the sun, on each side 
of it. Mercury, as seen from Uranus, hardly deviates one 
degree from the sun; and even Saturn, the farthest planet 
within Uranus, does not deviate above thirty degrees in thflur 
extreme from the sun, emerging from it^ rays only little more 
than Mercury does to us, and far less than Venus. (See 
Table V.) It must be difficult there to distinguish the 
motions of ten planets, revolving within the space of less than 
thirty degrees on each side of the sun, under inclinations of 
their orbits apparently deviating so little from each other in 
their plane, and the greatest number of them of so small dia- 
meter as to require optical means certainly superior to ouri^ 
to become visible, considering that the sun itself must appear 
ithere under an angle of no more than about 1 1-4 n^inutes. 
(See Table II. line 3.) 

For all the intermediate planets, these phenomena of ap- 
pearances are mixed. Habit has called that planet nearer 
to the sun ^lan a certain other one, its inferior, and that f^r? 
ther from the sun its superior one. The inferior planets^ (as^ 
for instance, Venus and Mercury in respect to the earth,) will 
appear to deviate from the sun on each side at an angle e<}Uf I 
to that which the radius of their orbit will subtend at any ^ij^ie 
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termine the magnitude of the sun afad all the planets, in on^' 
and the same unit. 

The figures 1 and 2, of Phktt V. liiay give an idea of such 
a transit. Fig. 1 shows the effect of the relative position of 
the sun and the two planets upon the visual line from the 
ekrth to the sun, by which the inferior planet appears pro- 
jected upon the sun's disk, in the manner in which it is shown 
in figure 2. We have shown that the orbits of the planets 
sire differently inclined to each other, and, from a compari- 
ton of the sidereal revolutions with the synodic, we conclude 
that their combination must occasion the inferior conjunc* 
ioiis to happen in very different points of the orbits of Ve- 
nus or Mercury. It is evident that the conjunction must pass 
unnoticed when Venus in its orbit is in a greater apparent lati- 
tude than the semi-diameter of the sun, for then we shall lose 
sight of Vtnus as in a superior conjunction. The phenomenon 
of an observable transit of Veniis over the sun's disk is there- 
fore limited to such inferior conjunctions as happen in a suf- 
ficient proximity to one of the nodes of the orbit of Venus, 
so that the apparent deviation of Venus from the plane of the 
ecliptic, as seen from some one point upon the earth '^'surface 
may be less than the apparent semi-diameter of the sui^, as iS 
represented in fig. 2. This occurs only twice in each cen- 
ttiry : the t'l^o last passages took place in 1761 and 1769. 
They have been assiduously improved by astronomers for the 
advancement of the science. The two next following in the 
present century will take place the 8th December, 1874, and 
the 6th December, 1882. 

AH the principles of reasonirtg and explanation Used for 
Venus apply equally to Mertury^ with the sole difference of 
their more frequent occurrence, as may be expected from the 
sliorter synodic revolution of Mercury. They occur from 
13 to 14 times in a century. The four last transits took place 
1799, 1802, 1815, and 1822 ; the four next following will 
take place on the 5th May, 1832, the 7th November, 1835, the 
8th May^ 1845, and the 9th November^ 1848. 
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From what has been said of the conjanctions and transits 
bf Venus and Mercury, we may conclude the appearances 
which the earth itself must present to the planets remoter 
from the sun. In like manner, the appearances of the supe- 
rior planets presented to us are exactly of the same nature as 
those which the earth presents to Venus and Mercury. 
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CHAPTER Ilf. 



Of the Satellites. 



% 25. The four largest of the planets are accompanied 
in their revolutions Ijy one or more smaller bodies, perform- 
ing revolutions around them in the same way that tliey them- 
selves revolve around the sun. These bodies are called sa- 
tellites, or secondary planets, and iu contradistinctiou, the 
planets heretofore treated of are called primary planets, 

They follow, iu their revolutions around their primary, ex- 
actly the laws stated above for the revolution of these around 
the sun : the incliaatioii of their orbits is likewise various, 
within small limits; their smallness compared with the other 
celestial bodies or primary planets, furnishes the greatest in- 
stance of the disturbing influence we have spoken of, and 
thus gives the astronomer means for the investigation of these 
disturbances. 

<§ 26. Of these satellites the earth has one, namely, the 
moon, which by its proximity appears to us so conspicuous, 
notwithstanding its comparative smallness, as to equal the 
apparent magnitude of the sun. But its defects in the great 
distinguishing properties of the sun, heat and tight, did not 
long leave the attentive observer in doubt as to its second- 
ary rank; and its phases or apparent changes of form, aris- 
ing from its situation in respect to the sun, proved that 
all its light was borrowed from that body. As it performs 
nearly thirteen revolutions round the earih while the earth 
performs one around the sun, the simple feeling of propriety 
suggested the idea of its mach greater proximity to the 
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Mhk l<'TK6$i^ 'i^Vbluflby-ibhiish IIS tHth tb^ type ortki 
siiodlviiitbiiof tlm'e next In magnitude to the-jrcar, n^iiieT^; 
tfi^iiHyiiftl/ oHinlodn's revoliitions. TKIs is still used bVinatiy 
uktlODS^asft measure* of tiMe, though id a more perfect ctii^ 
oology, their duration has been made to vary from the actual 
revolution of the moon. 

^ 27. Jupiter has four such satellites, all probably ra- 
ther greater than our moon, though visible from the earth 
only by an eye armed with artificial optical powers : they 
were therefore entirely unknown before the discovery of the 
telescope. We find then here a complete system of celestial 
bodies, on a smaller scale, but similar to that of the primary 
planets. Its distance from us prevents our observing the 
more minute consequences of the combination of their revo- 
lutions : those which we observe with advantage will be der 
scribed in their proper place. 

^ 28. Saturn has seven satellites, which, to be visible to us a^ 
their great distance, can hardly be less than the moon ; bii% 
the nearer details of the phenomena they present have hithertQ 
been imperceptible to us, and we even determine with difScuIty 
the periods of their revolution. Their orbits have but i^ 
small inclination to each other. But this planet presents us 
with a phenomenon unique in our solar system ; namely, at 
the distance of little more than its diameter it is surrounded 
by two belts, detached from the planet, of considerable 
breadth, and proportionally small thickness, which lie in a 
plane little inclined to those of the satellites — the only exam-; 
pie of this form of matter in equilibrium in absolute space ; 
all the other celestial bodies and planets, primary or se- 
condary, presenting always a form approaching the sphe- 
rical. 

^ 29. UrnnuSf the farthest primary planet, has also seven 
satellites, that present the singular peculiarity of revolving 
around their primary in orbits nearly at right angles to the 
orbit of the primary : this must be productive of appearances 
very different from those that are seen from any of the other 
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plimeU ; but to observe and to discover the motions of these 
si^tellites is as yet the privilege of those astronomers only, 
who are! furnished with the greatest optical powers; and 
ou|r knowledge of them is far from being minute or pre- 



Urt 



CHAPTER IT. 25 



CHAPTER IV^ 



Of the Comets. 

^ 30. A LONG period of even advanced scientific improve 
ment, elapsed before the comets could be proved to be other 
than accidental visitors, or even messengers of heaven with 
terrifying menaces from an irritated deity. All the great 
evils of humanity — war, persecutions, pestilence, &c., wen 
attributed to them ; to avert which, but a few centuries 
since, public prayers were ordered by governments on their 
appearance. From such fears the late discoveries of astro* 
nomy have forever and completely freed us. Hardly has 
such an unexpected visitor been visible for a few days before 
his path is determined : the theory of astronomy furnishes the 
laws which his motion follows, and a few observations give 
the numerical data whence to make an individual application 
to the case. 

Though none of them is visible to us during its whole re* 
volution, owing to their physical constitution, which we can 
hardly yet venture to determine upon, the orbits of several 
of them are entirely known, jind with sufficient accuracy to 
determine the epochs of their return towards the Sun, when 
they become visible to us. So short even are the times of 
the revolution of some of them, and so fully inclosed are their 
orbits in the interior of the Solar System, that we could not 
refuse them planetary rank, notwithstanding their greater 
ellipticity, were it not for an evident difference in their phy- 
sical nature ; for, while the planets present solid spheric bo- 
dies of distinct magnitude, (and of course opaque,) the co- 
4 
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tnets present an undetermined shape ; and fixed stars, which, 
by a planet's passage would have suffered occultation, have 
been seen through them. Some, indeed, have presented 
more or less of the appearance of a solid central part, deno* 
minated a nucleus ; but besides the rather nebulous and gra^ 
dually shaded*out light of the other part, the distinction be- 
tween the two was never sufficiently precise to allow an ac- 
curate measurement authorizing the admission of a solid' 
body. 

§ 31. The number of comets that have been observed 
and their orbits determined, amount to more than 150; and 
a number of them have been calculated many times ; but 
those whose return is known amount as yet to no more than 
six. In Table IV. only twelve have been collected, for 
some reason or other which the inspection of the table will 
easily show : they will, for instance, determine the limit 
within which comets have become visible to us. We observe 
that none has been seen, the perihelion of which was not 
within the orbit of Jupiter; the greatest number of them 
appear to pass, in the region of the Solar System be- 
tween Jupiter and Mars, where the small planets have been 
discovered, as will be seen in Plate I. The greatest part of 
the orbits of those whose period is best known, lies in this 
region ; but it is evident that, as we cannot see them unless 
nearer to us than Jupiter's orbit, an immense number of 
them may revolve beyond, as many of those that we see are 
so small, and often even difficult to see, that in earlier times 
of astronomy they may have passed unnoticed. The large 
comets are often accompanied by one, or even two, luminous 
streaks, which are called tails. While the frightened imagi- 
nation of the gazers saw in this a sword, a bunch of rods, or 
some other instrument of chastisement, it may be expected 
that the accurate observation of these unfortunate meteors 
was not considered of interest, and is therefore but coarsely 
indicated ; besides this, it requires peculiar means, which 
were not at the disposal of ancient astronomy : the data of 
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comets of those times are therefore scanty, as well in number 
as in accuracy. 

In Table IV, has been collected the best data of the or- 
bits of twelve of the most interesting, either because their re- 
turns are known, or for some other reasons stated, and the 
same have been introduced in Plates I. and II. The full enu- 
meration of all those whose orbits have been calculated, 
would be tedious and irrelevant : as the observations become 
more accurate, so we may hope to diminish their number by 
the discovery that some of the older orbits are repetitions of 
the new ones, which is naturally the manner in which these 
returns are best determined. 

<^ 32. The first instance of success in predicting the return 
of a comet is due to the astronomer Halley, who, in 1705, 
comparing together the orbits of different comets, discovered 
that the elements of the comets of 1456, 1531, 1607, and 
1682, were so similar, that they might correspond to the 
same identical comet, and he predicted its return in 1758 or 
1759, giving its revolution a period of about seventy-six 
years — (less than that of Uranus, which, however, was not 
then discovered) — and therefore made this period appear to 
exceed the then known limits of the Solar System. 

The actual return of the comet to its perihelion the 12th 
March, 1759, confirmed the calculations of Halley, and con- 
stituted the first triumph of astronomy in this direction ; in 
consequence, its next return may be expected in the year 
1834 or 1835. The calculations of these large and very ec- 
centric orbits, and the attractions under which the comets 
may come during their course by approaching the larger 
planets, the quantity of this efiect being only bypothetically 
assignable, all concur to leave some uncertainty still in the 
accurate prediction of these returns ; within these limits the 
comets recorded under the years 1006, 1080, 1155, and 
1230, may even be referred to the same comet. In the better 
ascertained modern periods, we find that thirteen months 
more elapsed between the passages of 1531 and 1607 than 
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between those of 1607 and 1682, and eighteen months more 
between those of 1682 and 1759. 

After a long interval of time and much exertion on the 
part of astronomers^ the next success was obtained by Olbers 
in the comet of 1815, for which he determined an ellipse of 
about seventy-two and a half years ; similar calculations dis- 
covered for the comet of 1812 a period little different, namely, 
seventy and a half years. But the calculations of the orbits 
of the comets bemg now habitually done, upon supposition 
of their being ellipses, and even the perturbations of their 
routes, from their accidental proximity to the larger planets, 
being taken into consideration, w^ were soon able to deter- 
mine cometary orbits of very short duration ; and the great 
accuracy of the observations upon which these elements could 
be grounded, has enabled us to follow several of them in their 
returns with a precision that, but a short time since, might 
have appeared almost unattainable, when we consider the 
short period of possible observations of this kind ; the great 
velocity of the apparent angular motions of the comets (which 
exceed by far those of the planets ;) and the incidental, varia- 
ble, and as yet not actually determinable, attractions to which 
they are subject in different parts of their course, and which 
make them appear under somewhat altered elements, at every 
re-appearance. 

§ 33. The elements, and the frequently observed return of 
the comet of November, 1805, render it peculiarly interesting; 
it proves itself to be the same as observed in 1786, 1795, and 
at different other times. Its revolution of only about 1213 
days ; the half greater axis of its orbit of only about 2i times 
that of the Earth's orbit, with an inclination of only about 
13^ degrees to the ecliptic, assign to it a place completely 
planetary between Mars and the four smaller planets of late 
discovery^ from which it is distinguishable only by its unde- 
termined disk. For the calculation of this orbit^ it is evident 
that the same means of astronomy are to be employed as for 
planets ; for by its situation it is exposed to strong and varied 
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attractions. Since 1805, it has again been visible from tlie 
Earth in 1819—22-^25, and will be 90 in January 1829, as 
TABiiB IV. shows ; together with the changes of the ele- 
ments of the orbits in the different appearances. 

As the orbit of the comet of 1770 could not be represented 
by a parabola, a mode that had been usual for the ease of cal- 
culatiob, (because ellipses of very great eccentricities, as the 
orbits of the comets were always supposed to be, approach 
very near to their corresponding parabolas in the neighbour- 
hood of the perihelion,) the necessity of performing the cal- 
culation in an ellipse gave the first knowledge of comets of so 
short periods as in this case of about 5 f years ; an orbit almost 
entirely within that of Jupiter. And as it had at the same 
time been the nearest to the Earth of any comet, it became so 
much the more interesting. It appears that the attractions 
which this comet meets in its course, alter its elements so 
much as to render its discovery by them very difficult, or 
nearly impossible. 

Similar to the foregoing in its principal phenomena; h 
the comet of 19th March, 1826. The period of its revolu- 
tion, the places of its node and perihelion approaching to those 
of February, 1772, and December, 1805, they are considered 
the same, the orbit, though placed in a difierent direction 
from the foregoing, is very similar to it. 

§ 34. The most ancient comet on the records of astronomy 
dates in the year 240 of our era. Its observations are due 
to the Chinese, and are very rude ; the consequent elements 
cannot, therefore, be much relied upon. The comet of 1680 
has approached the nearest to the sun of all ^ its orbit pro- 
jected upon the ecliptic as in Plate L, appears almost rectir 
lineal to and from the Sun, on account of the great angle 
of inclination of its orbit with the ecliptic, of near 50°. 

The largest comet yet observed was that of 1807. Still 
the diameter of its nucleus, as far as ascertainable, was not 
estimated at more than 1000 miles, while that of its nebu- 
osity was 26037 miles ; the volume of the nucleus therefore 
was only atVa of that of the Earth. 
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The comet which has been observed in the greatest angu- 
lar portion of its orbit is that of 181 1, which was seen to pass 
through 185 degrees of its orbit in the proximity of the Earth. 

Of all the comets hitherto observedi the most remote 
from the Sun in its perihelion is that of 1729. We might be 
authorised to conclude from it, that all comets that may pass 
outside of the orbit of Jupiter, will most likely forever re- 
main unknown to us; and the great number of them which we 
find within these limits, may apprise us how much there might 
still be left to discover in the more distant regions, if our 
optical powers enabled us to obtain an insight into their phe- 
nomena. 
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APPEARANCES OF THE PLANETARY MOTIONS, 
TO A SPECTATOR ON THE EARTH. 



CHAPTER I. 

General View of the Effect of the Eccentric Position of the 

Earth. 

§ 35. The general exposition of the movements of the 
planets, their satellites, and the comets, in a birds-eye view, as 
it may be termed, such as we have hitherto presented, pos- 
sesses great simplicity. One law, general and unique, pro- 
ducing a great and constant effect, and a combination of 
results, all consequences of the same law, and the individual 
system upon which it acts. 

But the discovery of the order of this system, this admira- 
ble simplicity, producing these great effects, is the result of 
reflection, calculation, observation, in short, of the applica- 
tion of the faculties of man, the inhabitant of one of the planets, 
partaking of this motion, and occupying an eccentric position; 
from this, as the appearances are different, he was com- 
pelled to elevate himself to this exalted imaginary station by 
the efforts of his genius, a result as great as glorious for his 
intellectual faculties. Replacing ourselves in this eccentric 
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station, we sobh (iild btJw many prejudices dictated by his 
senses he had to lay aside, in order to arrive at the great 
and general idea of a well organised system, which observa- 
tion and calculation would present with equal accuracy. The 
more we enter into the detail, the more complicated we find 
the appearances ; the more delusive ; the more distant from the 
principles exposed ; and the greater the difficulty of reducing 
them to the simple truth or reality. What the senses appear 
to dictate to man to consider as the most immoveable, the 
Earthy upon which he sees all apparently at rest, was to be 
submitted to a combined double motion imperceptible to our 
senses, yet of great velocity. And all this great apparent 
stability of the objects immediately surrounding us, was to be 
ascribed to their weight alone, and found to be a mere indi-^ 
vidual effect of the same general law which directs all the 
motions of the heavenly bodies in the immensity of space. 

Our distance from the Sun is however so trifling in com- 
parison to the whole system, that our position is even unfa- 
vourable from the comparative smallness of the diameter of 
the Earth's orbit, which must of course form the base upon 
which the measurement of these distances is grounded ; hence 
• it becomes nect-ssary to proceed step by step in the inquiry, 
by repeating the operations, and making new combinations, 
thus securing accuracy by frequent approximations. This 
has actually been executed, by a zeal for intellectual improve- 
ment, to such an extent, that in passing by the inverse method 
from the results back to the appearances from which they 
have been deduced, we can proceed with ease and with cer- 
tainty, and arrive at a satisfactory explanation of all these 
appearances. This method we have pursued in the preced- 
ing part, by a -hort exposition of the systematic results, from 
which we shall in this second part deduce the more detailed 
facts, that exhibit to us the explanation and the actual appear- 
ances. 

^ 36. The task before us, then, is the individual astronomy 
of our Earth ; that is, the exposition of the appearances of 
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this system from Che planet the third in rank of distance 
from the sun ; having, therefore, two planets performing their 
revolution within its own orbit, and all the other eight revolv- 
ing outside of its orbit, such as has in general terms been 
quoted in ^ 21 ; and in doing this we shall gradually penetrate 
further into the details of the general system. We shall have 
only two principal phenomena to describe, but with such va- 
riations in the numerical results as the peculiar circumstances 
of each planet dictate. These two phenomena are; first: the 
appearances of the planets which revolve around the son 
within the orbit of the spectator, or of the inferior plantU^ 
while the earth is itself also revolving around the sun ; and, 
second : the appearances of the planets revolving at a greater 
distance than the earth, that is, of the superior planets^ also 
combined with her motion in her own orbit. We shall there- 
fore follow each of the planets during the course of one of its 
synodic revolutions^ which, as we have shown, is the period of 
return of the same appearances, so far as they are assignable 
approximately. 
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CHAPTER U- 



Apparent Revolutions of the Inferior Planets. 

^ 37. Let us pursue the appearances Mercury presents to 
us during one of his apparent or synodic revoluUions. When 
he begins to become visible in the evening twilight, he ap- 
pears every subsequent evening farther from the setting sun, 
more elevated above the horizon, and remains longer visible, 
until be has reached a mean angular distance of about 22 J de- 
grees, a9 19 indicated in Table V. for his greatest mean elon- 
gation, or apparent angular distance from the sun. During 
the time that Mercury appears thus receding from the sun, he 
has been farther from us than the sun, and was performing a 
part of his revolution in his orbit on the side of the sun oppo- 
site to the earth, his course appears to us as it really is, in the 
order of the signs of the Zodiac ; it is therefore, as we have 
before explained, called direct. The different combinations of 
the distances of the two planets, the Earth and Mercury, from 
the Sun, in consequence of the eccentricity of their orbits, 
and the resulting inequality of the radii vectores, may reduce 
this angle to 16*=^, or bring it up to 29°. The velocity of the 
daily motions of Mercury appear during this time always 
diminishing as he deviated more and more from the direc- 
tion of a perpendicular to the line of vision from the earth. 
In this point of greatest digression, the visual line from 
the Earth becoming a tangent to the orbit of Mercury, this 
planet enters into the part of its orbit whose convexity is 
turned towards the earth, to which it now approaches gradu- 
ally by a motion which, as seen by us, is in the inverse order 
of the signs of the ecliptic, and is tlierefore called retrograde. 
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Shortly after this apparent change of direction. Mercury 
appears for a short time to remain stationary id respect to 
its revolution around the sun, because the comhinaikm of the 
movements of Mercury and the Earth in their orbits j produces 
a compensation, which causes the direction in which the mo- 
tion of Mercury is observed from the Earth to remain paral- 
lel to itself, and therefore not to show any change in respect 
to the fixed stars, or the infinite distance to which they and 
the ecliptic are both refenred. The apparent point of the 
orbit, and the time of the revolution in which this appearance 
takes place, are of course as variable as the greatest digre^ 
sion ; the former varies between 15® 23' and 18^ 39' of ap- 
parent angular distance from the sun. From this stationary 
state Mercury, continuing his course, and apparently ap- 
proaching the sun, by the same apparent retrogade motion, 
becomes again invisible in consequence of its proximity to the 
sun, into which it appears to precipitate itself with an accele- 
rated motion ; for in this situation both approaching nearer 
the earth, and moving in a direction always more perpen- 
dicular to the visual line drawn from the earth to the sun, its 
apparent angular velocity increases, and becomes greatest 
while it is lost to us in the light of the sun, unless where it 
passes before his disk, as described § 23. 

After having remained invisible for some time. Mercury 
re-appears to us in the morning twilight, receding each morn- 
ing farther from the sun ; his disappearance to the naked eye, 
on account of the increased brightness of the sun's light, tak- 
ing place every day at a greater elevation above the horizon. 
The direction of his motion continues apparently retrograde, 
the velocity decreasing in consequence of the inclined direc- 
tion of the motion to the line of vision from the earth, until 
it again appears stationary at an angular distance on the 
western side of the sun about equal to that at which it was so 
before its passage before the sun : havinjg soon after attained 
its greatest elongation on that side of the sun, the apparent 
course becomes again direct, and approaches the sun with 90 



96 PABT II. 

accelerated motion, in proportion as the visual line becomes 
again more perpendicular to the orbit, until his apparent 
proximity to the sun renders him again invisible for a short 
time ; after which he becomes again visible in the evening, to 
.renew the series of successive phenomena which have been 
described ; within the limits, in time and apparent distance, that 
the combination of the momentaneous elements of Mercury 
and the Earth will occasion. 

^ 38. The length of such an apparent revolution, or synodic 
year of Mercury^ is, at a mean, 116 days. Mercury, therefore, 
presents this succession of phenomena about three times every 
year ; this period, however, is subject to variation, as well as 
all the lesser phenomena it presents; this variation lies withiQ 
the limits of 106 and 130 days. 

The length of time during which Mercury is invisible on 
account of hi^ proximity to the sun, must evidently, in addition 
to all the before-mentioned circumstances, be dependant on 
the power of vision applied to observe it, and the clearness 
of our atmosphere. It was therefore very difficult to deter- 
mine the true orbit of Mercury with any degree of accuracy, 
before the eye was armed with telescopes, which nowj^ermit 
us to observe him by day at no very great distance fran the 
sun. 

The gradual approach and recession of Mercury during 
this revolution, is naturally accompanied by a proportional 
and successive increase and decrease of his apparent diameter ; 
for every object of a determined and constant magnitude 
always appears under an apparent angle greater in proportion 
as the distance is smaller. However, in this part of the work, 
we shall continue to leave the magnitudes of the planets, and 
all the consequences resulting from them, out of view, in order 
to exhibit more simply and briefly tlieir apparent course, re- 
ferring all details to the third part, where it is intended to 
treat of each planet separately, 

^ 39. Venus, the second of the two planets that perform 
their revolutions between the Earth and the Sun, presents in 
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apparent revolution, phenomena of the same character as 
those described in the case of Mercury. They are, how- 
ever, of more interest, on account of her greater proiinmy of 
the Earth ii^ the order of the Solar System. 

A comparison of the times of the sidereal revolutions of 
the Earth and Venus in the 6th line of Table I. shows, that 
they are only about forty days difierent from each other. 
Their combination therefore presents a less frequent return of 
the same apparent positions in respect tq the sun, which de- 
termine the synodic year. This is, at a mean rate, 584 days^ 
and therefore brings an approximate return of the same phe- 
nomena only about six times in eight terrestrial years. 

Following the apparent course of Venus in the same man*- 
ner as we have followed that of Mercury, from her first be- 
coming visible in the evenitig on the disappearance of the 
Sua belpw the horizon, we see her daily remaining longer af- 
ter sunset, and appearing higher above the horizon, thereby 
pursuing her apparent course in the order of the signs of .the 
ecliptic. As she recedes from the Sun, the velocity of h^r 
motion gradually lessens until she has attained the greatest 
eastern elongation, of (at a mean) 46^ 19' 49". This, in 
consequence of the difibrent combinations of the situation 
of the Earth and of Venus in their respective elliptic orbits, 
vai:ies between 44^ 67' and 47^ 48'. 

From thence Venus again appears approaching the Sun 
by a retrograde motion, for having before been in the part 
of her orbit opposite to the Earth, and at the point of great- 
est digression, the visual line from the Earth having become 
a tangent to her path, she now continues her course on thes 
same side of the Sun as the Earth, with increased velocity,. in 
proportion both to her increasing proximity to the Earth, ah(^ 
the direction of her motion, which is now nearer to a per-* 
pendicular to the line of vision from the Earth to Venus, until 
her proximity to the Sun renders her again invisible to the 
naked eye. 

During all this course, the brilliancy qf Venus, which refi- 
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ders her of all stars the first visible at, or after, the setting of 
the Sua, has acquired for her the appellation of the Evening 
Star^ from the most remote times. When, during this dis- 
appearance, the passage of Venus, between the Sun and the 
Earth, takes place in a part of the orbit sufficiently near to 
the nodes, the planet will be seen projected upon the disk o^ 
the Sun, and present what has been described above (§ 2 3) 
as a transit of Venus. This phenomenon, the peculiar pro- 
portion of the two Planets, Venus and the Earth, re-produ- 
ces only twice each century ; in all other cases V^nus re* 
mains invisible during her inferior passage. 

^ 40. Some time after this transit, or conjunction, Venus 
re-appears again in the morning, preceding the Sun in the 
same manner as Mercury ; and shining with peculiar brillian- 
cy ; she is now called the Morning Star^ and the continuance 
of her apparently retrograde motion occasions her to increase 
in distance from the Sun towards the west, to rise every 
morning earlier before the Sun, therefore to be longer visible. 
Her velocity constantly increases until she reaches her great* 
est elongation. 

During her retrograde course Venus has been twice so si- 
tuated as to show no apparent motion in longitude, or been 
stationary, for the same reasons as Mercury presented that 
phenomenon in its apparent course. Those stations occur 
when Venus is seen, at a mean, about 28^ 51' on either side 
of tbe Sun. The time between the two stations is about 96 
days. 

After her greatest western elongation, Venus, entering the 
part of her orbit most remote from the Earth, again resumes 
a direct motion, increasing in velocity in the same manner as 
jt had decreased from her first appearance ; appearing above 
the horizon every day later, and less high, she is lost sight of 
again on account of the proximity and the superior brilliancy 
of the Sun, during the time of her superior passage through 
the sizygy. After this she will again resume the same course 
of appearances or phenomena in her next synodic year. 
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§ 41. The similarity of the law under which these appear- 
ances of Venus and Mercury both recur, and the dependence 
of the phenomena upon the combination of similar chances, 
shews that they must be subject to similar variations, both 
in the angular magnitude under which each may appear, and 
the proportional time of appearance^ and its duration ; 
that therefore what was said in speaking of Mercury applies 
also to Venus, making due allowance for their different mag- 
nitude. 

Notwithstanding this approximation to regularity of ap« 
pearances, it is evident that no regular and constant motion 
could be formed of these appearances that could be referred 
to the Earth as a centre. For this reason, in all the systems 
that have been formed to explain the movements of the plan- 
ets, there has always been this in common : that the Sun was 
taken for the centre of motion of these two inferior Planets^ 
for no system has ever attempted to ascribe to any celestial 
body a mere oscillatory motion round any point wiiatever« 
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CHAPTER III. 



Apparent Revolutions of the Superior Planets. 

§ 42. In passing from the phenomena, presented by the 
revolutions of the planets which ai?e nearer to the Sun than 
^ the Earth, to those of the Planets more remote from that 
body, we are prepared to observe a great change in all the 
appearances. It is immediately evident, that the Earth, 
performing her revolution around the Sun, within the orbits of 
these planets, they will appear to us successively in all di- 
rections of the circumference of the circle around the Earth, 
or in every point of the ecliptic, (as would be the astronomi- 
cal expression.) Their apparent revolutions are subject to all 
the changes of ctirect and retrograde motions which have been 
observed in Venus and Mercury ; and so much the more, as 
they are distributed over the whole circumference of the cir- 
cle, as the position of the Earth, which constantly changes 
the point of vision, is in an orbit smaller than that of the far- 
ther planets and as the angle subtended by this orbit at the 
planet, the half of which is the greatest elongation, as shewn in 
Table V . is smaller. The discovery of the real revoludons of 
these exterior planets, from these appearances, was evidently to 
be made through that of the motion of the earth herself, and 
therefore required us to be freed from the prejudices arising 
from the apparent evidence of our senses ; centuries of 
ignorance and subtle reasoning would rather give to all the 
celestial bodies, and the Sun itself^ although admitted to be 
immensely greater than the earth, with the accompanying 
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planets, a daily rotation of inexplicable rapidity, than admit 
the simple and reasonable fact, that we, with the earth, share 
in the general laws of the movements and revolutions of all. 
To account for the frequent alternation of the motions from 
direct to retrograde, and inversely, the exterior planets were 
supposed to revolve in smaller circles, whose centres moved 
in larger ones forming the orbits. To make all centre upon 
the Earth, to which the appearances always refused to con- 
form, the combinations were as varied as excuses invent- 
ed to avoid admitting a simple truth always are. As none 
of these revolutions present a regular return, and lead the 
planets in never re-entering spirals, the astronomers of those 
times were so much perplexed, that Riccioli, to maintain the 
rest of the Earth, in contradiction to evidence, and his own 
conviction, resorted to the subterfuge of giving to each planet 
a peculiar angel to guide its arbitrary course. 

<5 43. The first planet exterior to the Earth is Mars^ of 
which we have already stated : that it furnished to the genius 
of Keptee the principal ground of the great discovery of the 
laws known by his name. To follow the appearances of Mars 
in the same manner as we have followed those of Mercury 
and Venus ; he begins to become visible in the evening after 
sunset, appears gradually leaving the neighbourhood of the 
sun, in a direct course towards the east, making every evening 
a longer stay above the horizon ; in this course he is first in the 
part of his orbit which lies on the opposite side of the Sun in 
relation to the situation of the Earth; his apparent motion 
taking place at first in a direction nearly perpendicular to the 
visual line from the Earth, and passing into a direction more 
inclined towards it, the apparent velocity is at first greater, 
and gradually diminishes, until Mars appears at an angular 
distance from the Sun of about 136°. At this angle he 
appears to have no motion in longitude, because this mo- 
tion then exactly corresponds to that of the earth in its 
orbit, so as to render the visual lines parallel for a short 
time. They therefore show no alteration at the infinite dis* 
6 
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tance to which the places of the celestial bodies are always 
referred. 

Afler this, Mars, being in such a situation in respect to the 
Earth that their distance diminishes at the same time that the 
line of vision becomes more perpendicular to the relative 
motion, this last appears to increase rapidly, and being on 
the same side of the Sun with the Earth, he appears to move 
in the inverse order of the signs, or to be retregade. He 
passes in this course through the line, joining the Sun and 
the Earth directly opposite to the Sun, or 180° different in 
longitude ; while in this point of relative situation the Earth 
presents to an observer in Mars the appearance of an inferior 
transit, as has been described in the case of Mercury and 
Venus. Mars is to us what is called in opposition^ and in 
his greatest proximity to the earth ; his apparent angular ve- 
locity is therefore also greatest. 

From this point, as is evident from all that has been said 
before, the appearance^ return successively in an inverse 
order ; the apparent motion continues to be retrogade until 
he again reaches an angular distance of about 136° from the 
Sun, when Mars appears again stationary, having employed 
in this retrograde course about 73 days, and described an ap- 
parent angle of retrogradation in the ecliptic of only about 
16^. From this station Mars appears again to accelerate his 
approaches to the Sun in a direct motion, at a distance from 
the Earth always increasing, until, being in a position nearly 
opposite to the earth, on the other side of the Sun, he is lost 
again in the brightness of the Sun's light, and makes his pas- 
sage of the superior syzigy unobservable with our present 
optical means. He becomes visible sooner or later after this, 
as the means of observing him are greater or less, and the 
series of the phenomena just described again recur. 

The variability of the proportion between the radii of the 
orbits of the Earth and Mars, and the changes of the places In 
which those different phenomena occur in each apparent 
revolution, or synodic year, occasion all the epochs of time, 
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and the angular distance from the sun, in which they occar 
to be variable within certain limits, and as the apparent relative 
orbits are also incommensurable in parts of the ecliptic, they 
occur in different parts of it, as well as in different parts of 
the orbits. 

^ 44. Next to Mars, as we proceed to a greater distance 
from the Sun, we meet the four smaller planets, Vesta, Juno^ 
Ceres and Pallas. Their apparent motions, seen from the 
Earth, are of course subject to the same variations of direct, 
retrograde, and stationary, and are alternately accelerated and 
retarded, all in times and positions appropriate to the exist- 
ing ratio of the elements of their orbits to those of the 
Earth, and the ratios of their sideral revolutions. The ac- 
curate details of those appearances which in the ancient as- 
tronomy were of interest, are entirely devoid of it in the 
present state of the science; therefore their detailed epochs 
were not even calculated. They must be very much similar to 
those of Mars. Here they may b^ passed over entirely, on 
account of the difficulty of ever seeing the planets them* 
selves, in common life without better optical means than are 
usually met with. 

The mean synodic year of Ceres is about 480 days, and 
from this the synodic years of the other three do not deviate 
much ; they are all within the limit of 470 and 490 days. 

These four planets are at distances from the Sun nearly 
equal, and at the same time the eccentricities of their orbits 
are so great, that they may alternately be each nearer to the 
Sun than the other ; that is become inferior and superior 
alternately, which must produce phenomena of peculiar 
interest. In Table V. only the mean distances have 
been regarded, and the elongations inserted rather to fill 
up the table than as of any real utility. This complica- 
tion of appearances renders these planets somewhat difficult 
to be distinguished from each other, and requires considera- 
ble discrimination. This was particularly the case in the 
beginning, when it was difficult to find them on their re-ap- 
pearance after a superior transit. 
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§ 46. The changes of the appearances of Jupiter have a 
shorter period than the preceding, and this must always be 
the case the farther a planet is from the Sun ; still however, 
their period can never become less than one of our years, 
just as we have seen that in the inferior planets the synodic 
year was more than one of their sideral revolutions or years. 
One revolution of the Earth in its orbit being contained near- 
ly twelve times in a revolution of Jupiter, (see line 6 and 7 in 
Table I.) the synodic year of Jupiter is about 399 days. 
In consequence, the different appearances of this planet are 
repeated about eleven times in one of the sideral revolutions, 
or years, of Jupiter ; but all the appearances cannot return in 
every year of the Earth, as they occupy somewhat more than 
thirteen months. 

When this planet begins to be visible in the evening after 
sun-set, and recedes from the Sun, being longer visible every 
gaccessive evening, he is evidently in a part of his orbit oppo- 
site to the then situation of the Earth relatively to the Sun, 
his motion is towards the east in the order of the signs, or 
direct. This direct motion continues until he has reached 
an apparent angular distance from the Sun of about 11 5J^ 
degrees, when he begins to retrace back a part of his course 
by a retrograde motion, resulting from the circumstance that 
the angular motion of the Earth is greater than that of Ju- 
piter, so that during about 121 days he describes an appa- 
rent retrogade arc, of only about 19° in longitude on the 
ecliptic ; the apparent motion then becomes again direct : 
in this course Jupiter is always approaching nearer towards 
the Earth ; this occasions an apparently accelerated velocity ; 
and by an alternating succession of direct and retrograde 
motions, the effect of the combination of the distances and 
position of Jupiter and the Earth to each other, Jupiter 
arrives at a position directly opposite to the Sun, or 180° 
different in longitude. In this place he is to us in opposition, 
while the Earth presents to an observer in Jupiter the phe- 
nomenon of a transit or a mere conjunction with the Sun. 
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From this point Jupiter proceeds in his apparent course, 
approaching gradually towards the Sun on the opposite side 
from that on which he became first visible; the same 
phenomena succeed each other in an inverted order, by a 
gradual diminution of velocity, and alternating retrograde and 
direct motions, the same durations, angles, &£c. as before the 
opposition, so far, namely, as the different situations of the 
Earth and Jupiter within their respective orbits admit these 
equalities. Still, however, he can never appear from the 
Earth to return to the same apparent place which he once 
occupied, and therefore never presents a regular re-entering 
course by his apparent motion, this being possible only by 
keeping an account of the effect of the motion of the Earth 
upon the appearances. 

We omit speaking in this part of the effect of the apparent 
motions of the planets upon their satellites, it being more 
proper to treat of them in the 3d part, which is intended to 
give the details relating to each planet individually. 

§ 46. The phenomena of the synodic revolution of Sa^ 
turn are very similar to those of Jupiter. This period is about 
378 days. The sideral revolution of Saturn, containing 
about 29^ sideral revolutions of the Earth, the succes- 
sion of appearances which constitute this apparent year, are 
repeated about 28 times in one of the years of Saturn, and 
one of them requires only about 12 days more than one of 
our years. The apparent motion of Saturn becomes retro- 
grade when the planet is about 1 08^ degrees to the west of 
the Sun, in his first digression from it, and the last period of 
his retrogradation, after the opposition, occurs at the same dis- 
tance east of the Sun, when approaching towards it, present- 
ing the same approximate alternation of direct and retrograde 
motion before and after the opposition in inverted order ; the 
arc of retrogradation apparently described is in this planet 
6| degrees, and the time employed in these retrogradations 
varies between 135 and 139 days. 
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^ 47. Uranus^ the planet of our system most remote from 
the Sun, presents appearances very little different from those 
of Saturn, as they are consequences of the same principles, 
as they present similar geometric figures, and as the very 
great distance of both planets from the Sun acts to diminish 
this difference. This planet becomes retrograde at an elonga- 
tion, or angular distance from the Sun, of about lOSj-^ 
east of the Sun, and has finished his retrograding appear- 
ances after the opposition, when it appears again at about 
the same angular distance on the west side of the Sun, he 
describes an arc of retrogradation of between 3^ and 4 de- 
grees, in which he employs a time of between 150 and 153 
days. One of the sideral revolutions of Uranus being nearly 
84 years and one month of the Earth, the synodic revolu- 
tion resulting from this combination is about 369 days ; not 
more than from three to five days longer than our year, and 
recurring more than 83 times in one of the years of Uranus, 

This near coincidence between the synodic year of this 
planet and the sideral revolution of the earth, would have 
long kept astronomers in ignorance of the real course of 
Uranus, had not the fact of the revolution of the earth around 
the sun been admitted, even had it been possible that this body 
eould have been discovered to be a planet, before the perfec- 
tion of the theories and methods that are now at the disposal 
of modern science ; by them it has been possible to trace 
back his steps to the observations made by several earlier 
astronomers, of stars then supposed fixed, and now entirely 
missing, with such certainty, as to make these observations 
subservient to the perfection of the elements of his orbit. 

^ 48. Such, then, are the appearances of the revolutions 
of the planets around the sun, when observed from the earth, 
^being itself engaged in its allotted course in this system ; 
and leaving out of consideration the effect of the inclination 
of their orbits to that of the earth, or the ecliptic, as we are 
more used to call it. This inclination occasions their devia- 
tion from this plane in a perpendicular direction on either 
side. If this effect is taken into consideration, there is in 
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fact no point in which a planet appears totally immoveable } 
because the motion in latitude will still be apparent, even 
when no motion in longitude is perceptible, on account of its 
being compensated by a corresponding motion of the earth. 
Besides, as all these distinctions have their origin in old sys- 
tems, derived from mere appearances, they are not suscepti- 
ble of great accuracy, and the modern state of the science has 
rendered them useless, and therefore disregarded. 

§ 49. The apparent versatility of the motions of the plan- 
ets, joined to their superior and variable brilliancy, must 
naturally have struck every observer from the earliest epochs, 
and have excited the inquiry of the man of reflection. To 
his curiosity we are indebted for the science that most ele- 
vates the human mind, and one of the most useful in the ex- 
tent of its results. It is this that guides the mariner over the 
trackless ocean, facilitates and secures that exchange of en- 
joyments, which so eminently distinguishes the present epoch 
of human history. Thus the whole history of mankind shows : 
that whatever tends to satisfy a desire of the human intellect, 
to improve the faculties and extend the sphere of its views, 
can never fail of ameliorating the state of human society ; al- 
though it is not to be expected that the first observers and 
recorders of these phenomena could foresee in the specula- 
tions of their imagination the great results which have been 
their consequence. 

This success is to be ascribed to the difference between 
astronomy and the other natural sciences ; its whole founda- 
tion is purely* taathematical; it is the strict mechanics of 
inanimate and inert matter; the bodies and phenomena being 
given, calculation and geometry can render an account of 
them in full. We can construct a mechanical imitation of 
nature in her great Mechanics of the heavens , while we cannot 
produce the smallest insect or plant of our own construction. 
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VfDlVWUAL DESCRIPTION OF THE CELESTI^ 
BODIES COMPOSING OUR SOUR SYSTEM. 
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§ 50. The two preceding parts have shown ihe prnppr . 
revolutions of ihe celestial bodies of the solar system, and 
the appeaiances of their course as seen from the earth ; that 
is, as the results of our obseivations present them to us ; dis- 
regarding their figure, magnitude, and situation in respect 
to their orbits, we have been enabled to present these revo- 
lutions and appearances in a simpler and more concise man- 
ner. Our obJL-ct must now be to describe them each indi- 
vidually, with its peculiarities, and what it has in common 
with the others ; their proportioual magnitude, tlieir weight 
compared with each other, their form, and all the general 
properties wiiich we are able to discover. 

The first general observation that presents itself is: that 
these bodies all approach to the spherical form, which, under 
the supposition of an attractive power acting equally in all 
directions from a given point upon matter endued with equal 
propensity to obey this attraction, we mayj upon matliematiral 
principles, determine to be the form that they necessarily as- 
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sume. In the same principles of universal gravitation, we 
sliull even niicl the cause and the determination of their small 
deviation from absolute sphericity, and the consequence that 
must necessarily follow it. 

§ 61. The central body of our system, the sun, deserves 
our first attention, both for its magnitude, and because it an- 
nounces itself immediately as the most important, from the 
preponderating influence which it exercises upoh all the 
planets. .'. x , 

Of the elliptic orbits in which the planets and comets re* 
volve, we have seen it to occupy -a point common as a focus 
to tliem all, and from this point we shall see that it is in equi- 
librio with tlie whole system. Its apparent diameter, as seen 
by us, always surpasseslialf a (legree, while that of the largest 
planet, Jupiter, in its greatest proximity to the earth, is less 
than I of a minute. 

The Sun is the appai^nt source of light and heat, is un- 
changeable in appearance, and always equal. The influence 
■wtUcb it exercises upon the greatest, as well cp upon the 
[Smallest objects in nature, is superior to all other in^uences 
iwhich can come under the observation of man ; dif.ecting the 
minute details of our life, as well as the greatest operations 
of (Qa|,ure on earth, coijstantly convincing us of our entire de- 
p^dance on its presence or influence, and of its unrestrained 
rule over all we see ; it is not astonishing, nay it is natural, 
.that it should have furnished an object of adoration in the in- 
fancy of mankind, before science had rendered abstract ideas 
.familiar. True religion can derive support fr.oxQ accurate 
knowledge alone ; in its absence, and without the aid of 
science, idolatry, iii one form or other, is unavoidable. 

The more changeable motions and appearances of the 
moon, its total incapacity to influence sensibly the heat, or to 
affect any of the other more prominent phenomena of nature, 
have, notwithstanding the amenity of its variable light, and its 
apparent magnitude, never left the least doubt to an observing 
mind of its great inferiority in comparison to the sun. Ob- 
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servers were not long in; discovering that this light was only 
a reflection from the sun, and not proper to the moon ; the 
simplest comparison with surrounding objects gave the ex- 
planation : a tree illuminated on one side by the sun, appears 
«o in a greater or less degree according to the place of the 
observer, and furnishes a parallel, as easy as satisfactory, to 
what is observed iii respect of the moon ; for in a clear night 
we see not only its illuminated but also its dark part. The 
inoon will therefore furnish us with a separate subject, to be 
treated in its proper place, and we only mention it here to 
state Its exclusion from all cgmparison with the sun as to 
importance in our Solar System. 

§ 62. The revolution of the earth around the sun being 
performed in an ellipse, of which the sun occupies one of the 
foci, our distance from the sun varies within the limits of the 
whole distance of the two foci of this ellipse ; the sun, there- 
fore, also appears to us under a diameter, variable inversely 
with this change of distance. The greatest observed diame- 
ter of the sun is 32' 35" 5, or 1955" 5, and the smallest 31' 
31", or 1891"; the ratio of these apparent diameters is there- 
fore also the inverse ratio of the two corresponding distances 
of the ejirth at its greatest proximity, or in perihelion, and 
at its greatest distance, or in aphelion ;* for all interme- 
diate distances the apparent diameter of the sun is inversely 
proportional to the distance of the earth from the sun. 

§ 53. In comparing together the distances of the planets 
from the Sun, we took as our unit the distance of the Earth 
from the Sun. Now, to compare the magnitudes, diameters, 
and other dimensions or mechanical properties of the celestial 
bodies of our system, we take for the unit the diameter or 
other corresponding magnitude of the Earth ; this evidently 
directly answers the purposes of astronomy. The expres- 
sion of these in our small lineal or other ordinary magnitudes, 

• The points of Perihelion and jipheliori, when reduced, as usual for solar 
'tables and various other uses, to the appearances fiom the earth, ore call«d 
Perigee and Apogee. 
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18 a matter of mere curiosityi in which light only we may 
consider the data of the 24th and 25th line of Table IL 
The bases of this determination are the results of the transit 
of Venus over the disk of the Sun, which furnishes the most 
accurate means of deterroifiing what is called the parallax 
of the Sun, that is the angle subtended by the radius of the 
Earth as seea from the centre of the Sun ; of this determi- 
nation, however, it is not our object to give mpre than the 
result. The angle subtended by the dianiieter of the Earth 
is, when smallest, 16'' 7, when largest, 17'' 3; this is double 
the parallax of the Sun in its 'two extreme values. From it 
we obtain for the diameter of the Sun expressed in units of 
the Earth's diameter, 111,74; or the diameter of the sun is 
one hundred and eleven and about J (near 112) times as 
large as the diameter of the Earth. The inverse ratio of 
the angles under which the two celestial bodies appear to 
each other is the ratio of their magnitude. 

From this proportion between the diameters of the Earth 
and the Sun may be easily obtained the ratio of theusurface 
of the Sun, equal to 12486 surfaces of the Earth, and its 
solid contents or volumes = 1395324,4 times the volume of 
the Earth. 

From this fundamental comparison of the diameters, are 
derived all the diameters of the other planets, by means of 
their distances, and the angles under which we see these di- 
ameters at their different distances, an enumeration of which 
is to be found in Table II. lines 6 and 7, with the surfaces 
and volumes, thence deduced, continued to line 11. It may 
easily be concludedf from the smallness of the parallax 
which forms the foundation of these calculations, as well as of 
the angles of the planets seen from the Earth, that these de« 
terminations require great nicety, and a gradual approximation 
to the truth, and that the same high degiTe of accuracy cannot 
be expected in them as in the determinations of the places 
of the planets in their orbits. 

^ 54. We observe in the difierent bodies that surround us. 
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iBal tbeir mechanical effects, or powers of attraction, do not 
fellow .the exact ratio of their magnitudes. This mechanical 
eftct, or gravitation, which we have seen to be the principle 
ef all natural mechanical e&ct»>ahd a general property of alt 
matter, we conclude, from the comparison of an observation 
6f a mechanical effect upon this principle : that the body ex-* 
erting a greater mechanical effect, under an equal volume with 
another contains more matter ; this quantity of matteif^ 
expressing the mechanical effect of the body, is what is called 
ii$ Mass ; the ratio of this nM^s to the volume is called its J)en^ 
$ity. The mass is' therefore the product of the density of a 
certain kind of matter into its volume. 

As stated in the beginning, the celestial bodies act upon 
each oth^r iti their, revolution in a ratio ^iirectly as their mas*^ 
ses, and inversely as the squares of the distances ; we find in 
this principle, and the determination of the diameters, and 
consequently, of the volumes of the planets, the means of de* 
terinining their masses, and cpnsequently their densities, we 
thus in some measure absolutely weigh them, as we would 
other masses or bodies around us upon the earth. These 
results are given in the Jines 12 to 15 of Tablt II. . The 
taass of the sun is found to be 405871 times that of the 
earth ; but, in consequence of the much greater proportional 
volume, his density is no more than 0,2909 of that of the 
earth ; that is, the sun is not much more than about f as 
dense as the earth, and its specific gravity is only a little 
more than water, or more nearly the same with that of re- 
sinous substances, namely, 1,3716: the specific gravity of 
water being 1, while that of the whole earth is 4,715, as as^ 
eertained by the ineasurement or the mountain of Shehal|ion. 

This low density of the principal body of our system is a 
peculiar phenomenon which shews : that its great preponder* 
ance must be due to the vastness of its comparative volume^ 
and the consequent great quantity of the mass. Indeed, if 
we anticipate a little upon our future knowledge, by the 
laere assistance of the numbers contained in the tjuilssi 
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comparing in line 20, Table I. under the moon, with line 7, 
Table II. under the Sun ; the distance of the moon from the 
earth being about thirty diameters of the earth, and the di- 
ameter of the Sun near 112 such diameters; we see that 
the whole revolution of the moon around the Earth, or: 
our own little secondary system, might move in the interior 
of the Sun, with great facility, and abupdant room. Thift 
14 represented in a tangible manner in Plate III. wherci in 
one figure, the semi-circumference of the Sun is represented 
compared with the orbit of the moon, and those of the satel** 
lites of Jupiter, and, in the other, with those of Saturn with 
its satellites, also compared with the Sun. 

The proportional apparent magnitudes, or what is usual- 
ly called the disks of the Sun and the planets, which are 
dependant on the diameters, are also represented in Plats 
IV. so as to shew the sum of all the diameters of the planets, 
compared with the diameter of the Sun, of which a part is 
represented upon the opposite part of the Radius. Summing 
up all the diameters of the planets, they form only about 0,26 
of the diameter of the Sun, that is, little more than the 
fourth part Extending a similar comparison to the other 
comparative magnitudes ; the sum of the surfaces of all the 
planets is only ^^ of the surface of the Sun ; the sum of all 
the Volumes, or bulks, only 7^7 of that of the Sun ; and, 
finally, the mass of the Sun, notwithstanding its density is 
only about one-fourth of that of the earth, is equal to 786 
times the sum of the masses of all the planets and satellites, 
allowing each of these to have as much, or more mass 
than the moon. 

^ 55. Small portions of matter, near the surface of the 
planets and celestial bodies, must evidently, in consequence 
of the general law of gravity, be attracted towards them 
with a power that will be very nearly constant all over the 
surface of the same body ; at least no difference can be de- 
tected by common observations ; this phenomenon is called 
the fall of heavy bodies^ because to the individual observer 
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tiie appfoach to the center of the planet appears as a fall • 
this power will impress a certain velocity that is also con* 
ftlant, which it is usual to express by the space the heavy 
b(/dy will go through in the first second of the time of its 
fall. In line 21 of Tablk II. these heights of fall, upon th^ 
sun and' the larger planets, are given as calculated from the 
fkil 6bs<?rved upon the earth ; for it is evident that these are 
^alctilable; because they must be proportional to the mass 
•Ahi the distance, that is the semi-diameter, of each planet ; 
^j for instance, the table shows, that this fall being 16,089 
feet itpeifi the earth, it must be 424,75 feet upon the snrface 
of the sun, ai^d so for the other planets, as indicated by tb^ 
tilble. 

^ ^ 56. Besides the phenomena of the revolution of the celeS'^ 
tiki bodies around a center of graxnty common to ttoo and mort^ 
as we have seen in the first part, we find them all afiected by 
a totaiory motion around an axis being one of the diameters 
'ofthe body itself, which is inclined at a certain angle to the 
orbit of their revolution. This motion, like the first, is a 
phenomenon given by nature, of which we have not to in- 
quire the caluse, but to describe and investigate the effects; 

The time of one rotation of the sun around its axis is 25 
^a^s and about 16' minutes. It takes place in the same di- 
rection as the revolutions of the planets around the sun, and 
we are authorised to conclude from it, that the same cause 
«ind the same law direct both motions. Notwithstanding the 
complete solidity which we might ascribe to the sun and the 
*|>lanets^ we observe their form to yield to the peculiar force 
that insults from this rotation, which is called the centrifugal 
y5>fce?, in consequence of which the planets assume an elip- 
soidal form, proportional to the angular velocity of this mo- 
tion, in such a manner, that the parts which are most remote 
from the axis of rotation fly. off from it more than those nearer 
<to the same ; thence the parts about the two poles become 
flattenedj and the parts about the equator elevated ; the pro- 
portional difference between the polar and the equatorial 
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diameter, therefrom resulting, is called the eUiptidifi of ibm 
celestial body* 

In respect to the sun, we have to observe, in relation to tbii 
effect : that if its great diameter tends to increa3e its centri- 
fugal force, its slow motion and small density both tend to 
diminish this effect. Indeed, the difference between the polar 
aud equatorial diameter, which arises from this relation of t^ 
•un, is not observable to us ; for according to theory it would 
amount only to 0^026, or rlfr part pf a second in the arc» 
a quantity of such minuteness that we cannot expect tp de^ 
termine it. The plane of the soiar equator is inclined to tht 
plane of the earth's orbit, or the ecliptic, at an angle of 7^ 
19^'; the north pole of the axis being therefore inclined tolkf 
ecliptic 82° 40|', it lies in such a direction that its prqection 
falls in the eighdi degree of the sign Pisces, and the aipendioff 
node of the plane of the equator of the sun with the ecliptic 
lies in the longitude of about two signs and eight degrees* 
. 4 57. These data, as well as the time of rotation of the sun^ 
are determined by the apparent motions of the spots which 
appear frequently upon the sun ; but as they are neither con- 
stant, nor even always exactly of the same form during a 
whole appearance, the results obtained do not possess all the 
desirable accuracy ; if these spots should be affected by a 
motion proper to themselves, they might even mislead us ; 
but it appears from all the circumstances, that although acci- 
dental, tbey are phenomena occurring upon the surface of 
the suu itself. These spots are commonly visible from 12 to 

13 days, and if their duration is sufficiently long for their re- 
appearance, they become again visible after the lapse of from 

14 to 15 days. The period of the rotation of the sun above 
quoted is an inference from the observation of a great num- 
ber of such phenomena, taking into account the part of the 
revolution of the earth in its orbit performed during thai 
time. The longest period through which it has^ as yet been 
possible to observe a spot in its different appearances bits 
been about 70 days. Since the invention of the telescope 
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has furnished the means to make these kind of observations^ 
which were before impossible, a great number and great 
variety in them has been observed, for this appearance is very 
frequent. In 1611, almost all the year spots were seen upon 
the sun. Scheiner, who devoted great attention to this sub- 
ject, and has left a large folio volume of descriptions of 
them, saw as many as 50 spots at once. From 1 650 to 1670, 
no spots were seen; while in 1785, 38 were seen at once, 
which were together equivalent in size to an eclipse of ^ of 
the sun's diameter. Of the physical nature of the spots we 
are entirely ignorant, therefore conjectures in respect to 
them are the more numerous : it appears needless here to 

relate any of them. 

§ 58. That property of the sun which is so essentially dis- 
tinctive from all the planets, namely : that he acts as the cause 
or source of Heat and Light, has occasioned an idea that its con- 
stituent parts must be in their nature different from those of 
the earth or the planets, and its physical state of such a nature 
as not to admit of similar phenomena with them^ or to permit 
the existence of animated creation upon its surface. Though 
it is evidently impossible, in principle, to decide by positive 
observations what may be the actual nature of the constituent 
parts of the sun, or the kind of animated beings to whose life 
it would be congenial ; still we have seen that the same law 
of universal gravitation, with all its consequences, equally 
governs the great motions of the celestial bodies in the im- 
mensity of space, and the minute phenomena which surround 
ns upon the earth ; we may thence be allowed to enter upon 
the discussion of this subject by the aid of reasoning grounded 
upon the general principles of a sound philosophy, deduced 
from the phenomena which we observe around us. 

Thus, 1st : With the idea of matter, the idea of its absence 
or presence is inseparable, or speaking numerically, its zero 
must be ascertainable. But all matter with which we are 
acquainted is endowed with, or contains, heat, and only difier- 

' ences of heat, not absolute quantities of it, are assignable ; 
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exactly as we observe to be the case in gravity ; upon exact 
and sound philosophical principles, then, we niavi "ay must, 
rtftise to heat or caloric rhe denomination of matter. 

2d. If we admit heat to be material, we must ascribe to it 
the properly of being subject to gravity, as this property is 
common to all matter ; this not being the case, recourse has 
been had to the term caloric, which is conceived to be an 
imponderable fluid, an idea composed of two things contra- 
dicting each other. Instead of this, we find heat in all the 
simple or compound bodies that come under our observation, 
in a quantity in some propok'tion to their mass or magnitude, 
though with variations in different kinds of matter ; again en- 
tirely similar to what we see in gravity; like this, therefore, 
we must admit Heat to he a Properti/ of matter. 

3d. All bodies mutually communicate heat to each other 
within the sphere of their mutual influence, until an equi- 
librium is established between them, according to their re- 
spective capacities and powers ; in the same manner that we 
see universal gravitalioa governing the whole planetary sys- 
tem in one equilibrated motion. And this property of com- 
municating and absorbing heat is, under circumstances other- 
wise equal, and the same kinds of matter, either simple or 
compound, proportional to the quantity of it, in the same man- 
ner that we have seen gravity to act in proportion to the mass, 
and its capacity for gravitation, that is to say, the density. 

4lh. To prevent the action of gravitation, or the commu- 
nication of heat, from affecting any particular mass or body, 
the effect must in both cases be equally absorbed, or what is 
the same thing, impeded, by a body receiving this effect in- 
stead of the protected one. When we wish to produce heat 
in its highest degree, that is fire, by artificial means, the 
operations are exactly analagous to the use we make of 
gravity in our mechanical constructions ; as for instance, in 
the construction of clocks, by which the force and effect 
of this very gravitation is measured by an inverse process. 
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§ 59. These principles and considerations, extended in their 
mpplication to the planets and the sun itself, present some 
general results, as to the physical constitution of the sun and 
the planets, which the observations confirm, as near as our 
present knowledge admits; as 1st: we obtain for the earth, 
as the sum of all matter composing it, a certain mean result 
of capacity and quantity of heat, as well as of matter itself, 
proportional to the quantity of this last, and the same must 
be the case in every planet, and the sun itself, with modifi- 
cations only of the general law, as we observe on a small 
scale in the earth. 

2d. The preponderating mass of the sun, compared with 
that of all the planets taken together, is of itself sufficient to 
account for its pre-eminent property of containing, causing, 
and communicating heat ; otherwise we should be obliged to 
have recourse to the supposition of a peculiar kind of matter 
called Heat or jFfrc, and to conceive it to form the body of the 
sun, or even to emanate from it. Therefore an aggregate 
of difierent kinds of matter similar to that which we observe 
upon earth, or generally of the same nature as the planets, 
collected to that quantity, would of itself be sufficient to pro- 
duce the whole efiTect observed. 

3d. In all inanimate matter we find the density decreasing 
when the heat increases ; the sun appears to give us the 
strongest example of all of the generality of this principle, in 
consequence of its presenting, with such a preponderance in 
volume and mass, a density of only about one-fourth of that 
of the earth. In the planets we likewise observe a diminution 
of density accompanying augmentation of mass and volume. 

Though, therefore, the exact proportion in which the den- 
j|8ity diminishes with the augmentation of the mass is not known, 
the fact in itself is constant. It might then, perhaps, be per- 
mitted us to reverse the whole of this reasoning, and from 
these great facts in nature, to deduce the proof that Heat is a 
Property of matter, contained in it in a certain determinate 
proportion to the mass. 
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4tb. If we assume the temperature observed in mines as 
the temperature of the earth, to which it at least affords an 
approximation nearer than that observed in the atmosphere, 
and that the matter be similar in its nature through the whole 
system, we find in this constant relation of the temperature to 
the mass of the sun, a degree sufficiently high for the intense 
heat which we there observe, and for all its consequent effects ; 
and therefore for its light ; for we know light to be in all 
bodies the result of a highly elevated temperature. The 
temperature of deep mines being about 56° of Fahrenheit's 
thermometer scale; that is about one^third of the scale of tem- 
perature between the freezing of water, at which vegetation 
is stopped, and the boiling point of water, at which animal 
and vegetable life are both destroyed. In the absence of an 
actual of heat, we may adopt this scale, although imaginary ; 
and by the direct simple ratio of the masses, we may con- 
clude a temperature of 135,000 times the extent of the whole 
scale^ from the freezing to the boiling of water, while our 
observations give for the temperature at which Ignition takes 
place on earthy 650® of the same scale, that is only 3| times 
the same extent of the scale. 

5lh. We also find, by the observations of the phenomena of 
heat on earth, that bodies absorb or retain heat in an inverse 
proportion to their density ; that is, the heat they contain 
becomes proportionally less sensible, as it is employed in . 
maintaining the less dense state of the body, we therefore 
find in this a power capable of altering the effect of the heat 
that is sensible iq the immediate vicinity of the body, whereby 
the sensible heat becomes different from that which would 
result from the general action of the same upon the two 
effects above stated, namely, the density and the specific^ 
heat 5 this appears analagous to the phenomena of gravity. 

The same principles we observe as we rise in our atmos- 
phere more distant from the solid part of the earth, which from 
its mass contains more heat, and from its density has a less 
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capacity, or absorbs less, the heat, the less do we find the 
influence of the sun or the earth, or the more the rarity of the 
atmosphere absorbs heat ; for the diminution of sensible heat 
is great and rapid in the higher regions of the atmosphere so 
that at a certain height above the level of the sea, the efiect 
of the sun of one summer is insufficient to melt the ice of the 
preceding winter, while the lands nearer to the level of the 
sea shore, or closer to the great mass of the earth, and in a 
denser atmosphere, are generally warmerl 

^ 60. From these data and reasoning, we may conceive 
that we have the satisfactory explanation not only of the heat 
(and even of the light) of the sun, but, at the same time, of 
the law of the mutual influence of the heavenly bodies upon 
each other, in respect to heat, which is to be stated thus ; 
namely : as in respect to Gravity so in respect to Heaij 
different bodies, or portions of matter, act mutually upon each 
otlher in the direct ratio of their masses, and, inversely, as the 
square of the distances. The last part of this statement is the 
unavoidable mathematical consequence of all effects proceed* 
ing from a certain point as a center of action, and is there- 
fore a general law in this case, as well as in attraction, light, 
&c. &c. 

Though this is not a proper place to enter into the more 
minute consequences of this law in other branches of natural 
philosophy, it may, however, not be improper merely to state 
that the phenomena are in no way in contradiction with it ; 
thus, for instance in chemistry, the production of the great 
heat that often results from chemical mixtures, refers to 
cases where the denominator of the above ratio, that is the 
distance, may be considered as infinitely small, by which the 
value of the fraction is increased proportionally. The reflec- 
tion of heat takes place upon these principles in the same 
manner as in heavy bodies. It is not the body acted upon, 
but the mechanical law that determines the reflection ; in like 
manner, in heat, not the heat considered as matter, but its 
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effect, or law of communication with the matter acted upon 
by the heat, is the phenomenon offered in its reflection* 

^61. With Heat at a certain degree of Intensity, which 
is here exactly analagous to Density in relation to matter^ we 
always find light united, and following the same mechanical 
laws, though of course in different proportions in bodies 
of different nature ; adhering to the general phenomenon, we 
have found the heat of the sun, when assumed to be in the 
direct ratio of the mass, to exceed that of Incandescence or 
Fire about 200 tiroes. We thus find no cause for our being 
astonished at the great light of the sun ; numerous phenomena 
on a small scale may be adduced in support of this ; the 
greater brilliancy of the larger planets, the masses of which 
we may on the same ground consider as more comparable 
with the sun than the smaller ones, is equally in support of 
these principles ; and, by this means, they approach to that 
degree of apparent light which is imparted to the smaller 
inferior planets, under the favour of their greater proximity 
to the sun^ and which is reflected to us from a shorter dis- 
tance. 

§ 62. Seeking naturally in every celestial body for every 
one of the general phenomena which the earth presents to us, 
we expect also to find an atmosphere ; that is, to find them sur- 
rounded by a fluid of such tenuity as to admit the passage of 
light, and therefore be perceptible to our senses only by its 
mechanical effect. The genjeral principles of attraction act- 
ing upon all matter in the determination of the location of the 
bodies around its centre, according to their specific gravity, 
has caused a very marked distinction between the solid body 
of the planets and their atmosphere, such as we observe on the 
earth. While the first appears steadily balanced by the pro- 
portion between the cohesion and the gravitation of the parts, 
the density of the atmosphere diminishes with the distance to a 
degree as yet unknown, but which is probably limited by the 
equilibrium between its weight, that is gravitation, and its 
elasticity. So we expect to find upon the sun, as well as in 
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every planet, a part analogous to our atmosphere in its gene- 
ral constitution and properties, but approportioned, in res- 
pect to quantity, to the mass of the sun or planet ; and, in res- 
pect to density, to the density of the mass of the sun or 
planet. The result in Table II. shows the density of the sun 
0,29 or not ^^ of that of the earth, and its specific gravity, 
under the supposition that of the earth to be 4,71 50 times that 
of water, will become, 1,37, or about similar to the resinous 
substances upon the earth. Atmospheric air having a specific 
gravity 0,0012 of the same scale, (or ttPj/Vtt of the water,) if 
we suppose the atmosphere of the sun of a density bearing the 
same ratio to that of its mass as that of the earth bears to its 
mass, we obtain for the density of the solar atmosphere, in the 
same scale, 0,00035 nearly ; and, therefore, if of the same eleva- 
tion as our atmosphere, it would support a column of mercury 
of nearly 8f inches, in the barometer, when the atmosphere 
of the earth would support 30 inches. This small specific 
gi*avity of the atmosphere of the sun must, besides, be under 
the influence of the high temperature of the sun, and thereby 
sufier an expansion much greater than what we can form 
an idea of, by comparison with our atmosphere. By the 
reaction of this, according to the general principles observed 
on the earth, that matter absorbs so much the more heat as it is 
less dense, we must again conclude, that the greater heat of the 
solid mass of the sun will be so much less sensible, both by its 
own lesser density, and by the tenuity of its atmosphere ; as this 
has been proved to be the case in rising in the higher regions 
of our atmosphere. All these circumstances tend to a consi- 
derable equalization of the sensible Temperature or Heat upon 
the surface of the sun, to that of the earth, and probably even 
in the whole system in general. Thus, the question of the 
habitability of the sun and the planets for intellectual beings, 
is, by a simple consideration, brought within narrower limits 
than the knowledge possessed by an inhabitant of one part of 
the globe, in regard to the population of another, had attained 
foot a few centuries since. Hence difierences in organisation 
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may exist between them and us, hardly greater than between 
us and some of the higher classes of animals on earth. 

^ 63. If all these facts and their consequences have led lis 
to find around the sun an atmosphere of. great tenuity^ the 
magnitude of its volume and mass must again lead us to infer 
that it must have a grecU extent, and that it must obey the 
effect of the rotation of the sun in a greater degree, and there- 
fore show a great ellipticity. The denomination of Zodiacal 
light h^% been given to an appearance of a whitish light, 
which is seen after sunset in the spring, or before the rising 
of the sun in the fall, in the form of a section of a lens, within 
certain limits more or less inclined to the horizon, terminating 
almost in a point, at from 45° to 120° distance from it, and 
having evidently the sun in the middle of its broadest pa^t, 
which is from 8° to 30° in breadth at the horizon ; the longest 
axis of the eliptic or lenticular section is found to coincide with 
the equator of the sun ; it is transparent, for we see the stars 
distinctly through it. The same causes which occasion the 
great light of the suq,give also to its atmosphere a greater light 
than ours, and, as we see every object only by the comparison 
with others, the greater light of the atmosphere of the sun be- 
comes apparent to us when we are outside of it. These cir- 
cumstances very soon caused the Zodiacal light to be consi- 
dered as the atmosphere of the sun, to which it was evident that 
it belonged ; the reasonings presented in the preceding sections, 
grounded upon the general principles of natural philosophy, 
as applied to the sun and the celestial bodies in general, all 
concur in confirming this explanation of the phenomenon ; 
;and the general theoretical principles of celestial mechanics 
>8how that such a form and tenuity must be found in the at- 
mosphere of the sun. 

A comparison of the angle of its extent, measured from 
ihe horizon at sunset, with the greatest elongation of Ve- 
nus as seen from the earth, shows that this atmosphere 
extends nearly to the ori>it of Venus even in its smallest 
extent ; and as it sometimes exceeds a right ^gle, we musi 
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conclude that it may, under certain circumstances, exceed the 
distance of the orbit of the earth from the sun. The sam^ 
reasons which have accounted for the great extent and tenui- 
ty of the solar atmosphere, evidently cause a. great variability 
in its extent, as we observe in t]>e Zodiacal light ; because 
every variation which the combination of the natural powers 
produces, has so much a greater eflect, as the magnitude of 
the atmosphere is more extensive proportionably to its den- 
sity. And if such an extension occurs when the earth is 
in the protraction of the nodes of the equator of the sun with 
the ecliptic, and at the same time in the greatest proximity 
to it, the earth falls itself within this atmosphere ; it becomes, 
therefore, invisible to us. The most favourable times for 
observing it are evidently when the earth in its orbit is at 
right angles to the nodes of the solar equator, which is when 
it is in 5' 10°, that is, in the spring; then the Zodiacal light 
is best visible in the evening following the sun, and in 11' 
10°, in the fall, when it precedes the rising of the sun. The 
variability of its extent and breadth is evidently a conse* 
quence of the position of the earth in its orbit in respect to 
the equator of the sun, and its nodes, and of the variability 
of the physical state of this atmosphere itself. The mean 
extent of this atmosphere is represented in Plate I. and II. 
by the dotted line which is seen in them. 

§ 64. Rays of light passing through air of different den- 
sity will deviate from a straight line, in such a manner as to 
bend towards the more dense medium, in a certain proportion 
to the density of this medium. The atmosphere presents a 
medium regularly increasing in density from the higher r^ 
gions to the surface of the earth ; it produces, therefore, the 
phenomena of a constant deviation of the rays of light, in a 
direction perpendicular to the horizon : this phenomenon is 
called Refraction^ and the quantity of the angular deviation of 
the rays of light observed at the horizon is called the Horizon- 
tal Refraction J which is the greatest of all, because the passage 
9 
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of the ray of light through the atmosphere is in that case the 
longest ; it amounts on earth to about thirty-three minutes 
in the vertical arc. This angle of refraction is of course 
subject to variations proportional to the changes of density 
of the atmosphere ; of course principally to those indicated 
by the barometer and thermometer, augmenting with the ele- 
vation of the barometer, and diminishing with the augmen- 
tation of the degree of the thermometer. 

Furnished with this induction in respect to the nature of 
an atmosphere, by observations upon our own. we naturally 
inquire also, in every other atmosphere, after the same phe- 
nomenon. As we have found for the sun an atmosphere sup- 
porting only an elevation of the barometer of 8 J inches, under 
the same height at which our terrestrial atmosphere would 
support thirty inches, and with a temperature so much supe- 
rior to any that can take place upon earth, as to exceed near 
40,000 times the degree of incandescence, we see that the 
refraction of the solar atmosphere must be reduced to a quan- 
tity so minute, as to become imperceptible for our means of 
observation, as a simulated calculation, under the above sup- 
position, would easily show. We, therefore, cannot ascertain 
the existence, or any of the properties of the solar atmos- 
phere, by means of refraction, which is, what we might call, 
a fractional effect of it. 

^ 65. Let us here anticipate for a moment the knowledge 
which we shall only derive from future inquiries into the 
individual nature of the planets. All planets unite to their 
revolution around the sun a rotatory motion around their 
axes ; this last we have found in the sun. The principles of 
mechanics show this rotation to be a consequence of the revo- 
lution around a point of attraction; we may be authorised to 
reverse this conclusion, and infer that the rotatory motion of 
the sun, indicates a revolution around a centre of attraction, 
accompanied by all the planets which revolve around it, in 
the same way as the planets make their revolution around 
the sun accompanied by the satellites. After having seen. 



cniAPTEJi I. ai 

by the size of the orbit of Uranus, the immense distance to 
which the attraction of the sun can exuml, :uul, l)\ ilic linu' <»!' 
its revolution, compared with ihat of Mercury, or cvni ofilic 
satellites of the planets, the great dillerence ol duration, whirh 
the epochs of the revolution of the celestial bodies present, 
we* must ascribe to the orbk in which the sun revolves a 
diameter of such immensitv, and a time of revolution of such 
a length, that the whole series of ages to which our history 
extends is too short a time to permit its progvess to have been 
observed, or to enable us to determine its direction. From the 
comparison of the diameters of the orbits of satellites, hardly 
expressible in fractions o{ the diameters of the larger pla- 
tietary orbits, and the times of their revolntions about their 
primaries, varying between 22 hours and 107 days, com- 
pared wiA the Tevolotien of Urarms, of 84 years, we have 
an ample field for coajecture wpoii^he next steps itt the scale, 
from the dimensions and times observed in the solar system, to 
those in which the san is ttsdf acting only a secondary paK. 
Several raelronfomers have attempted to -determine the direc- 
tion of this oi4Ht cf "tlhe sun, from what is now called the pro- 
per motvon «f the fixed stars, for we most of course look for 
the e€ect of this -motion in the appearances'of objects external 
to the solar system, and we have learned by tlve inversion of the 
appearances of the planetary motions viewed from the earth 
to the motion of the earth itself, the happy result of 6uch aa 
tarerse mode of proceeding l» the investigation of ajstronomic 
tiruthft. The 'direction of the motion of the sun iaits orbit, 
aince the time that more accurate observations can fqmish 
data far •conclusion, was thought by Herschel to be towards 4he 
star marked 6 in tbe constellattcHi of Hercules ; but other 
ftstronomers fonod vesiilts contradictory to it, and found 
other directions pcobalble. It is reserved for the future exer- 
tions of astronomers, for greater perfection in the means, and 
' a iMger period of accniiate observations, to give to, the science 
the data and the degree of elevation which will admit the deci- 
9100 of this and AimHrnr questioiw* 
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CHAPTER II. 



Of the PlaneU between the Sun and the Earth. 



§ 66, We are deprived of the advantage of observing 
Mercury^ the planet nearest to the sun, during so great a part 
of his revolution, by the superior brightness of the latter, that 
our knowledge of his individual nature is but scanty. His 
greatest apparent diameter is- 11", 37, and his smallest 6'', 3 
while the earth must appear to the observer ^in Mercury, in 
these same situations, respectively, undef* an angle of nearly 
2Q" and \2*\ 5 ; this, as has been before shown, is equal to 
twice the parallax of Mercury. Seen from the sun, whence 
it is distant only 42 solar diameters, it must appear under 
an angle of only 18'', 33 at a mean, while the sun must appear 
to it under an angle of 1° 2V 28'^ or nearly three times as 
. large as to us» The rotation of mercury upon his axis, has 
I been determined to be 24^ 5"^ 20', and his elipticity j j^ 
' )pzxi of the diameter, in consequence of his velocity of rota- 
tion ; but as he presents us no well determined pdlnt upon his 
suc&ce, and his appearance may be considered as almost 
' momentary, for an observation which requires so much mi- 
nuteness, (for the proximity of the sun makes detailed obser- 
vations of this planet impossible, in the day time, with our 
optical powers,) these data cannot .be obtained in a high 
degree of accuracy. 

The real diameter of Mercury, deducible from these data, is 
less than one-third of that of the earth, its surface only about 
one-seventh, and its volume only about t^ ; comparing these 
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fijactional- qnandties. with- their, corresponding 'magoitudes in 
•the. son; we obtaid theminote fraotions which are found in the 
ooluiunfor Mercury., in the lines 6, 8,:and 10 of Tabids II* 
The'inass of .this planet can. be determined only by its influ- 
';ence.in.the deviation of Venus and the earth from exact eliptic 
OEbi^Sv or'iwhat: are called the. perlarbations, which are 
bestdte btt4;;small;^'i» it lias nosatellife, the most direct road 
- tO} Ibis. .deternnnatiiMi cannot be taken. This mass has as 
yet beeni rather determined by supposition, directed in part by 
an observation of Laplace : that the density of the planiets 
nearesttothe sim is the greatest, and' by a- reasoning some- 
what analogous to that we have pursued, in relation, to the 
be^ of itbe^iBud and. planets, it is estimated at. only about 
jj of th^tiof/tbet earth, or T7.ir^^.T7Tr of the mass of the Sun; it 
. prf^ents; qs, : there forie, with a density, nearly, thvee times as 
.'groat a^ that of the earth, or twelve times that, of the sqn, 
{(a8.seep:iin'T;AtoLB' II.) This density; ,a.cqcompanying so 
.i^malli! a, idifimeter,. occasions the fall of heavy; bodies upon its 
:;8urface to be: even more rapid than upon th^ earth, for, from 
itbe^f^.^ata, it,. tk^yi amount to 17,77 f<^et in the .first second of 

•jtim«. ; .:■ .-.•.■ ■: ■/ 

' ' This great density of mercury would also, lead us to infer 
ati( atmosphere of grciater density and- refractiive power than 

"that of the earth, but of small altitude, «n 'account of the 
smiftt wm^si of the plank 5 the prbximily and great light of 
Ihe stm^will n'ot allow* this point to be determined by obser- 

i-vation;i -■■'•■ • > • - • 
■'^•6'/. Merirury must present to the earth in his different 
sitli^UonS' in his orbit, in respect to. the place of the sun and 
that of the earth, in its own orbit, a variety of appearances ; 

'Ihesfe have = relation tb' the part 'of the planet which we see 
illuitfih^ted^ afid thai^ which, being turned from the. sun, 
eyciB((^is''ouf' distinct' Vi'ision. These different appearances, 
forth what is called the phases of a celestial body ; of this 

•'jptvenom^non wehave the most striking instance in the phases 

'l'J md-il sifiKj'*'; "ij-l -i;'!- ,'.)i .jf.*: ,.[ ji.'-, ■ • ■*/ o;; '.".'*'•. ■ '.'• 
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of the iDooo, but. onder different circa msttncei, at will he 
shown in treating of the moon. WUle, in that case, the tpeo- 
tator 16 placed within the orbit of the body redeaviag ks ia|gfat 
from the one without it, the phases which the inferior planets 
present to as are sach as are seen by a spectator outude <^ 
the orbit of the body revotvinganniiid the centre of ligbtt Mis 
represented in Plate V* fig. 1 ; in the isstance both oC'illt#- 
-cury and Venus, in their actual proportional dbtance oonspra- 
red with that of the earth, the pbelDoniena are exactly similar 
with those of a round body turning around a light before 
the eye of an observier placed without the circle of its revo- 
lution. 

If we consider a triangle to be formed between the Sua, 
the Earth, and Mercury, the angle of this last which we "see 
illuminated, will always be equal to the sum of the angles 
at the sun and at the earth, in this triangle. We see Mercury 
entirely full, only when he is directly behind the sUn. When 
in such a situation that the angle at Mercury between the Ban 
and earth is a right angle ; that is, in its greatest elongatiiNi 
or digression, we see it like what we call a half moon, and 
we of course lose sight of him entirely when he is in, er 
even only near, the line between the earth and sun, unless the 
respective position of the earth and Mercury, in relation to the 
nodes of their orbits be such as to occasion Mercury to 
appear projected upon the disk of the sun, which coestitntes 
what we have already spoken of as a transit nfM^rcwr^. In 
this situation Mercury appears as a dark circular spot upen 
the sun, and therefore exhibits his fiill diameter. We have 
in this sitnatioo the only opportunity of determining. fa|« tU- 
ameter with accurai^y. 

% 68. Venu$j the second planet between, the earth and Ae 
sun, and the nearest to us of all, is much more interesting to 
us than Mercpiry, for we can observe her easily^ being less 
immersed in the light of the sun. The difference between 
the eiLtremes of her apparent diameter, is of course sonaech 
the greater as her orbit is greater, and her distance from na 
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varies the whole of its diameter. When nearest to us, and in 
the transit over the sun, Venus appears about six times larger 
than when at the greatest distance on the other side of the 
sun ; in this last case it appears to us under a diameter of 
only 9",6, while in the former it subtends an angle of a whole 
minute within two-tenths of a second. At a distance equal to 
that of the sun, it appears under an angle of 16'',8 ; viewed 
from the sun, it must appear at a mean under an angle of 
22j^ seconds, and the sun must appear to it under a mean 
diameter of about 44|^ minutes. The angle which the earth 
subtends to an observer in Venus, corresponding to the two 
extreme distances, the half of which forms for us the parallax 
of this planet, is, at her greatest proximity, 6r',4, and at her 
greatest distance only 10". The comparison of these relative 
appearances shows Venus to have a magnitude not much dif- 
ferent from that of the earth. The result of observations, 
repeated, and made with great care, give for the actual lineal 
diameter of Venus 0,9593 of that of the earth, or taking the 
sun as the unit, only the 0,0086 part of its diameter. Th6 sur- 
face and other dimensions, consequent and corresponding to 
this element, are recorded in their respective places in Table 
II., to which reference may be made. The inferior conjunc- 
tion of Venus must of coarse always be invisible to us, be- 
cause the planet presenting the dark side towards us, is invisi- 
ble; the superior conjunction, where she^s in full light, 
becomes visible only when the latitude is as much, or more 
than one degree,- as, by a greater proximity to the sun, his 
intense light prevents the planet from being visible. 

^ 69. The mass of Venus is to be determined principally^ 
by the effect of the mutual attraction between her and the 
earth, or their perturbations, the absence of a satellite de- 
priving of the power of employing more direct and more 
accurate means. By the latest calculations, it has been 
assomed at 1,2118; this it about two-tenths more than tb 
mass of the earth ; it had before been assumed at 0,9243 ' 
somewhat less than the mass of the earth ; both suppositic 
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give the density of Venus greater than that of the eartb ; 
namely : the first, 1^48, and the latter, 1,3726 ; in like man- 
ner, also, we obtain for her specific gravity 6,472, or 6,615 5 
these results, though apparently discordant, are, however, 
sufficiently accurate to be used in the cases to which they 
are principally applied in astronomy, namely : to determine 
their efiect in the perturbations. It has been attempted to de- 
termine the horizontal refraction of this planet by its efifect 
upon the twilight, by which it was determined to be aboat 
30?' in the horizon ; but it is easy to perceive that this must 
rather be a minimum, because the exact line that separates 
light from darkness must escape the acuteness of observation 
at a distance equal to that of one planet from another. 

Spots discovered upon the disk of Venus have furnished the 
means of determining her rotation upon an axis inclined about 
15 degrees to the plane of the orbit of the planet, and which 
is performed in the time of 23^* 21"* 19', or only 34| minutes 
less than the rotation of the earth upon its axis. The result- 
ing eccentricity of ^J^ is also very near that of the earth ; and 
the fall of heavy bodies upon its surface must be 16,16 feet in 
the first second of time. Certain minute observations indi- 
cate mountains upon Venus of more than 140000 feet high, or 
about i^T of the diameter, therefore much greater than are 
found upon the earth. Though the greater density of the 
planet might authorise the supposition that its parts would 
come together (or agglomerate) under greater irregularities 
than those of the earth, still, these observations, which are 
deduced from the length of the shadow of the mountains, (the 
direct measurement being too minute, if even possible,) are 
not entitled to any high character for accuracy, as may well 
be imagined in a determination that depends upon such 
minute observations. These kind of facts, therefore, are never 
advanced with a degree of confidence in any manner com- 
parable to that with which the revolutions of the planets in 
their orbits and the greater celestial phenomena are stated^ 
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CHAPTER III. 



Of the Earth and its Satellite, the Moon. 



I 



§ 70. Pkocccding from Venus farther from the sun, the 
Earth, which we inhabit, comes next under the couaideration 
of the aslronomer. Of tbis we are able to determine with 
more minute accuracy not only the path in the solar system, 
but all other circumstances thnt mny interest us. We stand ia 
this respect, morally speaking, In the same situaiion as a man 
stands among bis fellow beings, in the proportional interest 
of his own biography to those of hia fellow men. It is intend- 
ed in this chapter to treat of the earth and its inferior com- 
panion, the moon, only as a planet, among planets; that is, 
rather ofits social relation in the solar system, subject to the - 
,laws of the celestial Mechanics, without those details that 
appear to appertain rather to its domestic concerns. These 
]ast, therefore, we shall naturally treat of separately. 
_ In speaking of the sun, we could not avoid stating its rela- 
tion towards the earth in real magnitude as well as in 
appearance, for it is mathematically impossible to assigQ 
magnitude, otherwise than by a unit of magnitude of ll)f^ 
same kind. We have been obliged to take the same dimen- 
sion of the earib for the unit of each kind ; from these also 
all the numbers of the astronomical tables are computed. 
In this point of view, we might, by the simple consideration qf 
the tables, be led to the most remarkable coincidence between 
our moral ideas, and onr actual standing in the great mecbar 
nical system of the universe. Moderation, our greatest virtue, 
though seldom practised, is appropriate to our middle state 
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or standing in the great mechanism of our solar system ; if 
even we do not go farther in our views of the general sys- 
tem of the universe, which our intellectual means do not 
appear intended to allow us to reach completely, though we 
have the gratification of not seeing any decided limit to our 
improvements. 

The diameter of the earth is only about the T^^J^e part of 
the circumference of its own orbit. The angles under which 
it must appear to the sun, to every one of the planets, and to 
its own satellite, the moon, are found in Table II. Ihies26 and 
27, by doubling their several parallaxes ; for we have seen 
this parallax to be tlie angle under which the semi-diameter 
ot the earth must appear to each of them. It gives, there- 
fore, the measure of the estimation in which we stand with 
each of our companions in the solar system, and its dwind- 
ling away to a fraction of a second, as seen from Uranus, 
must show us that we form a mere point, most likely invisi- 
ble to the rest of the universe. The necessity of taking the 
earth as the unit of the magnitudes of every kind contained 
in the Tables, causes them to present, in the simplest man** 
ner possible, the ratio of the earth to all the celestial bodies, 
in each of its dimensions and magnitudes. 

^71. If we have hitherto rejected the use of all the 
smaller lineal dimensions, or units, usual in common life, 
the great interest which we have in the earth, and the neces- 
sity of descending down to magnitudes more tangible, as w el] 
as the more minute quantities which it becomes necessary to 
egpress, will occasion us to give the magnitudes in such units. 

Since the earth has been acknowledged as a body approxi- 
mately spheric, and not an extended plane bordered by the 
sea, all the means which mathematical science could devise, 
have been made use of to determine its dimensions and form ; 
its mean diameter has been found 4 1836420 English feet; from 
which all other dimensions can be dedtrcied upon pure mathe- 
matical principles. Its elipticity or flattening at the poles has 
been minutely inquired into, and variously determined, though 
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or late within small limits of variation, the most accurate 
results falling between 3^7 and 3}? of the diameter, though 
some results came as low as —^ or up to -—j, -—^^ according 
to the methods or places of observation made use of. The 
figure of the earth being necessarily the result of the equili- 
brium between the gravitation of the matter of the earth, 
and the cohesion, or its resistance to a change of form, some 
inequalities may be expected in the results deduced from the 
comparison of different places upon the earth, which close 
inquiries may discover. 

By reason of this elipticity, we find ourselves, on different 
points upon the surface of the earth, at different distances 
from the centre; we experience, therefore, in our move- 
ment upon the surface of the earth, in relation to the appear- 
ances of the celestial phenomena that occur at a distance 
sufiicientiv small to make the difference between the diame- 
ters of the earth sensible, an effect exactly analogous to that 
which we have spoken of before, as arising from the circum- 
stance of the eliptic form of the orbit of the earth ; namely, 
those appearances will all be affected by an inequality within 
certain limits, proportionable to the difference of the radii 
of the earth ; this will be the most observable in all the phe- 
nomena which relate to the moon, our satellite, because it is 
the heavenly body nearest us. 

The specific gravity of the earth has been determined by 
ascertaining the deflection of a plumb line from the vertical, 
under the action of the attraction of a mountain, whose spe- 
cific gravity appeared to be capable of being ascertained. * 

§ 72. The phenomena dependent on the rotation of the 
earth upon its axis are of the utmost importance to us ; the 
appearances of all objects situated without the earth are natu- 
rally affected by it, and we are by that rotation placed in the 
position of a man, who, in performing a walk around an 
extensive area, would constantly turn round upon himself. 
By this compound movement, the whole spectacle of the uni- 
verse appears every day to circulate round the earth, in a 



76 PART UU 

i 

direction contrary to that which we have hitherto found 
common to all the planets, and the gradual daily changes 
in the appearances, which result from the greater motions 
of the heavenly bodies, appear to assume proportionally a 
minor importance. 

As the sun, around which the earth performs its revolution, 
must necessarily appear to us at any time, in a direction 
diametrically opposite to that which would be assigned to 
the earth in the preceding description of the courses of the 
planets in their orbit, astronomical tables, keeping up the 
language of appearances, even after we are better informedi 
are calculated to represent this apparent motion of the sun. 

All the heavenly bodies appear daily to emerge from the 
eastern, and sink again from our view beneath the western 
horizon, after a shorter or longer stay. This we find variable, 
according to their position in an arc supposed to be drawn 
perpendicular to this apparent course, and according to the 
place of the observer on the earth's surface ; the observer at 
the earth's equator will see all the heavenly bodies, without 
exception, performing these motions uniformly and regu- 
larly, in directions perpendicular to the horizon, because 
for him the axis of rotation lies in the horizon. The two 
opposite points of the axis of rotation thus perpendicular to 
the equator, form what are called the poles of the earth, as 
well when applied indiscriminately to the direction of this 
axis, as when applied individually to the points on the earth 
equi-distant from the equator on all sides. As the observer 
approaches more towards the one or the other pole, some of 
the stars near to the pole towards which he moves will remain 
above his horizon during the whole time of the revolution of 
the earth, or they will perform their whole revolution without 
setting to him ; while some of those that lie near the poles 
opposite, will disappear entirely, and therefore perform their, 
revolution under his horizon ; this disparity between the 
appearances of the celestial bodies, arising from their position 
in respect to the poles of the earth, will increase in proportion 
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as the observer approaches to the pole, in which, if it could 
be attained, he would see only just half the spectacle of the 
heavens. 

§ 73. The rotation of the e^rth upgh its axis, in absolute 
space, or in relation to the infinite distance of the fixed stars, 
constitutes what is called in astronomy, the sideral day ; it is 
usually divided into twenty-four equal parts called sideral 
hours ; this simple statement shows that all the phenomena 
depending on the rotation of the earth upon its axis, and all mo^ 
tions considered as parallel to it, or inquired into, in relation 
to this motion, that is parallel to the equator of the earth, will 
naturally be counted or measured by this astronomical time. 

But during the time of such a rotation of the earth upon its 
axis, absolutely speaking, it has also advanced in its orbit a 
certain determined distance ; and until a certain determined 
point of the surface of the earth has again arrived in the 
plane perpendicular to the daily motion, and passing through 
the sun, from which it had appeared to start the preceding 
day, a certain part of the revolution of the earth in its orbit 
must still be performed, which is again measured by the time 
employed in performing it ; this time is, at a mean rate, 3' 
56'',$55 of the same sideral time. 

If, therefore, we adopt and divide the year as it appears to 
us by the number of returns of the sun, during the time that 
the earth performs a whole revolution in its orbit, we obtain, 
omitting smaller changes, a mean solar year^ and a mean solar 
day, for each apparent return of the sun to the plane above 
mentioned, which is called the meridian of the place ; such a 
Solar day is equal to 24* 3"* 56*,656 sideral time. 

As all our occupations in life must be regulated by the pre- 
sence of the sun, the day, as commonly understood, is regu- 
lated by the time just mentioned, which, constitutes what in 
astronomy is calleda Mean solar day, and this is again divi- 
ded into twenty-four parts, or mean solar hours ; mean solar 
hours are therefore longer than sideral hours, and a sideral 
day has only U3^ 56"" 04^0907 of mean solar time. 
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By the law of the revolution of the planets in their e]ipti<5 
orbits, explained in the beginning, we know that they des- 
cribe sectors of their orbit, the surfaces of which are equal in 
equal times, or as it is usually expressed, proportional to the 
time; the distance of the earth from the sun being variable^ 
this law 9/ equal areas in equal times necessarily requires 
that the arcs described in the equal times, be inversely as 
these radii, and consequently unequal ; therefore these suc- 
cessive returns of .iny one point of the surface of the earth to 
the plane called the meridian, passing through the earth's 
centre this point and the sun, and perpendicular to the equa- 
tor, must be unequal also. 

*^rhese intervals between the actual passages of the suii 
through the meridian, to use the ordinary language descrip^ 
tiveof ihe appearances, are therefore unequal; and from this 
results a'tiiird kind of time, namely, True iime^ because it in- 
dicates the true position of the given point on the earth, in 
respect to the sun, which is the result of the observation of 
the sun; it is also calle<l apparent tlme^ and, in fact, with more 
propriety, because lime being a measure of duration, which 
like all measures ought to be uniform, it follows that the most 
proper way of expressing this result of the unequal motion 
of the earth in its orbit, is to indicate for every day the mean 
time at which the sun will (apparently) pass the meridian ; 
the difference between these two limes is culled the Equation 
of time. 

Either this Equation, or an indication of the Mean time of 
True mid-day^ that is, the mean time of the passage of the sun 
through the meridian, are always given for each day of the 
year in astronomical almanacs. The difference between true 
and mean solar time may amount to as much as 16"* 16', and 
the daily variation of this difference from one day to another 
may amount in the extreme to thirty seccmds. 

These are the principles of the three kinds of time which 
it is necessary to use, according to the peculiar circumstances 
of the application. 
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It will be at once seen, that true solar time being irregu- 
lar, is not susceptible of being represented by a mechanical 
arrangement or machine, a Clock for instance, of such sinipli- 
city as is desirable for a high degree of accuracy ; only 
nderal and mean solar time^ are therefore usually pointed out 
by clocks ; the first is exclusively reserved for observatories', 
because, as we have above observed, it contains the direct 
measure of any movement or arc on the equator. 

Alean solar time is often, and even generally, more con- 
venient for an observer not stationary in the sam^ place, 
and ought to be in general the regulator of the Public clocks^, 
upon which the affairs .of common iiqtercourse and daily oc- 
cupations depend. . '1; 

§ 74. The inclination of the plane of the equator of the 
earth to the plane of the ecliptic, is, in the ordinary language 
which represents mere appearances, called the obliquity of 
the ecliptic At the beginning of th,e. pres(»ht century, this 
afigle was 23"^ 27' 67". It is subject to^penodiral ch.ihges 
or oscillations, which principally depend upon the position 
of the orbit of the moon, with whose periodic motions th^se 
changes correspond, and which leave as a meaii constant re- 
sult, a diminution of 0'', 52,. or about half a second each 
year since the earliest astronomical records. 'The general 
laws of gravitation prove that this diminution will change 
into an augmentation-— that it therefore is of an oscillatory 
nature ; but the period of this oscillation is of many thousand 
years, and too long to be ascertainable from observations in 
the comparatively short time to which those that can be de- 
pended up«tn extend. 

It is evident that every point of the surface of the earth 
must have a motion parallel to the equ.itor, in partaking 
of the general daily rotation of the earth; a motion which 
the observer at that point refers back to the celestial bodies 
themselves, where it produces a new variety and an additional 
complexity of the appearances under whit h the real motions 
of the heavenly bodies must appear to the iudividual ob- ' 
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server. The apparent motion of the planets, as affected by the 
eccentric position and proper motion of the earth, by which 
they appear to advance or retrograde alternately, in planes 
differently inclined to the ecliptic, receive from it again a dif- 
ferent inclination of their apparent oscillatory course. The 
first general remark which might strike us as a consequence 
of this individual motion of the observer, is a general inver* 
sion of all the motions, by which they pass every twenty*fovir 
hours before the observer, in a direction and order the reverse 
of that in which they would really appear, if the earth had no 
rotation upon its axis. From this apparent effect, therefore, 
every observation is first to be freed, in order to determine the 
apparent position upon the supposition of the earth's being at 
rest ; and from the eccentric position of this, its real position 
in its orbit is then to be deduced, as it refers to the sun as a 
central body. 

^ 75. The near approach of the obliquity of the ecliptic 
to constancy, within the limits of the periodical oscillation 
above mentioned, indicates that the axis of the earth remains 
parallel to itself during the time of the revolution of the 
earth around the sun — that, therefore, it is not essentially af- 
fected by this revolution. In consequence of this circum- 
stance, the plane of the equator must, in the course of the 
yearly revolution around the earth, present to the sun its two 
sides, with their corresponding poles alternately ; and there- 
fore pass twice through that position, where a line drawn 
to the sun lies in the protraction of this plane. This circum- 
stance is the cause of the phenomena of the changes of the 
seasons, the variation in the length of the day, and the seve- 
ral consequences which affect what we might call the domes- 
tic concerns of our earth, considered as the habitation of men 
and animals, and the supporter of vegetation; it thus gives rise 
to the most striking and most extensive subdivisions of the 
earth; as also to the principal great subdivisions of the year. 
Merely to state this will be sufficient here ; a full description 
of the consequences may with more propriety be deferred to 
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the more detailed account of the earth, to which we shall 
devote a separate chapter. 

§ 76. The Earth, considered as a planet, presents an ex- 
ample of a system of celestial bodies revolving around their 
common centre of gravity, in the simplest possible form ; 
there being only two bodies concerned, namely, the Earth 
and Its satellite, the Moon ; this satellite makes its revolution 
around the earth at a mean distance of about thirtv diame- 
ters of the earth, and performs nearly thirteen revolutions 
around the earth during one single revolution of the earth in 
its own orbit. In this system, therefore, we have an opportu- 
nity of studying the principles, and shewing the effects of the 
mutual attraction of the celestial bodies in their simplest 
form. 

But although the case is the simplest, the proximity of the 
moon renders all the effects of their mutual attraction the 
most sensible to us, and we see, in the most distinct manner, 
all the individual influences which remain imperceptible to us 
in the more distant celestial bodies. The moon is nearly, if 
not quite, the smallest of all the planets and satellites u^ our 
solar system ; still it appears to us under an apparent diameter 
equal to that of the sun itself; a circumstance which is pro- 
bably not the case with any of the satellites of the other 
planets; the influences it receives from the sun and the earth, 
bodies so vastly superior, occa^ion of course a combined va- 
riation of its course, so much greater and more sensible as 
they are exercised upon a smaller mass; and they are observed 
by us under greater angles than any similar influence upon 
other celestial bodies can present themselves to us; for astro- 
nomy presents us only angular distances ; these variations ac- 
quire, besides, an importance so much the greater as the mo- 
tion of the moon has a peculiar interest for us. 

Still more extensively important, though smaller in their 

angular magnitudes are the influences of the moon upon the 

position of the earth, which suffering small derangements, 

places it in a constantly changeable relation to all external 

11 
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* objects, which are for this reason affected by a variable, and 

in the sense in which all these changes are considered, oscil- 
latory motion, of which it becomes necessary to keep an 
account in the results of all observations. 

In this treatise no more can be done than to develope the 
principle of these influences from the primary idea of the law 
of attraction. A clear representation of what must be the 
consequence of it in the case, is all that can be done without 
mathematical investigations, which do not come within the 
limits of this work. 

§ 77. In the last column of Tables I. and II. are collect- 
ed the data relating to the Moon corresponding to those 
given of the planets ; without repeating them, we will only 
make use of the principal results and their consequences. 

The orbit of the moon is elliptic, the earth approximately 
occupying one of the foci of the ellipse, so that its greatest 
distance, or the apogee, is '32,744 diameters of the earth, and 
the perigee, or nearest distance 27,958 diameters. We say 
approximately, because, by the principle of universal gravita- 
tion, any two celestial bodies revolving in connection under 
its influence, must perform revolutions around their common 
centre of gravity, proportional in magnitude inversely to their 
masses, so that the centre of any one of them could be the 
centre of motion of the other, only under the supposition of 
the other being infinitely small, a case only possible by 
inathematical supposition, and not to be met with exactly 
in material nature. 

The iqelination of its orbit to the ecliptic was, about 5^ 
08' 38" at the beginning of this century ; and this inclina-> 
tion combines with that of the equator of the earth, to the 
ecliptic, adds to^ror subtracts from the apparent deviation of 
the sun from th^equator, so as to produce a very variable 
apparent motion of the moon. This variation is so much the 
greater as the elements of the lunar orbit are all variable 
within short periods, which gives to the moon the appearance 
of a winding motion in relation to the two planes of the eclip- 
tic aad the equator. 
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The perigee of the moon makes an entire revolution of the 
whole orbit in 3231|days. The nodes perform one com- 
plete revolution in about 6793,4 days. The variations of 
the latitude of the moon are of course affected by these 
changes, and they furnish a variety of points of comparison 
for the revolution of the moon in its orbit, according to the 
point to which the revolution is referred, either in its own 
orbit, in relation to the sun, or, absolutely speaking, in 
respect to the fixed stars or to our artificial division of the 
ecliptic. The following are the times in which each of these 
revolutions are performed at a mean rate, viz : 

days. 

The moon retums to the same JVWe in - - - - 27^212222 

****** Apogee, or performs what is called 

an anomalistic revolution, in 27,5546 

****** Equinoctial point in - - - 27,321582 

****** Sun apparently, or performs a synodic 

revolution, in - - - - 29^306 

** Performs a revolution, absolutely speaking, in - - 27,3216 

It is evident that these times must be affected by all the in- 
fluences of the mutual attractions of the sun, the earth, and 
the moon, the effects of which are variable. 

The apparent angular motion of the moon, in its orbit, is 
in a mean 13° 10' 35" each day. It therefore presents to us the 
greatest angular motion of all celestial bodies, though it has, 
absolutely speaking, the smallest velocity, as may be seen by 
the comparison of the data of line 10, Table I. 

^ 78. This rapid change of appearances, and the various , 
complication of the cases, rendered the most minute re- 
searches and most accurate observations necessary^ before the 
place of the moon could be determined for a given time by 
previous calculation. Withoiit a theory brought to a high 
degree of perfection, it was impossible t(rw:count for varia- 
tions so complicated as to approach almost to the arbitrary. 
To the high degree of interest, which the desire to overcome 
these difficulties must awake, was joined one closely con- 
nected with the wants, safety, and enjoyment of man. 
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We have already seen that time is measured by the 
rotation of the earth around its axis; in consequence of 
which, each point upon the surface of the earth will count 
different hours, or subdivisions of the day, at any abso- 
lute moment of time ; in counting from the moment when 
its own radius has been in the plane passing through the 
centres of the sun and the earth, and perpendicular to the 
equator. This we have seen to be the point of departure for 
the time of each place, or what is called in common language 
mid-day. We have also seen that all celestial motions, and 
consequently their differences, were measured by this unit (the 
day) and its subdivisions. The very sensible difference between 
the apparent angular velocity of the moon and those of the sun 
or planets, or its comparison with theposition of the fixed stars, 
naturally suggested the idea : that, under the supposition of an 
accurate knowledge of the motion of the moon, the very time 
which would elapse between the passage of two places upon 
the surface of the earth through the plane passing through 
the centres of both, could be measured, if for a certain dis- 
tance of the moon from the sun or a fixed star, the times of 
these two places were known. The time of such distance 
denoting an absolute moment, the difference of time counted 
at the two places, is of course equal to their different situation 
in the rotation of the earth, which is called their difference 
of meridian, or longitude. Or, inverting the case, if in two 
places, whose meridians are determined by fixed observatories, 
the transit of the moon through these meridians is observed, 
the differences of the places of the moon in its orbit, corres- 
ponding to these transits, will, by the present accuracy of our 
knowledge of the moon's motion, allow us to determine the 
time which the moon will employ to describe the intermedin 
ate space, and thii^ime will again be the difference of longi- 
tude of the two observatories. In this, consisted the solu- 
tion of the problem of longitude, as it is usually called, and* 
which has been so extrt^mely valuable for the security of 
navigation. In this case, therefore, the demands of ordinary 
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life have subserved the interests of science, from which they 
have iu return received a complete solution of the problem in 
question* 

§ 79. By the principles already quoted, the apparent dia- 
meter of the moon must necessarily undergo changes, in- 
versely proportioned to its distance from the earth ; we find 
it therefore varying between 29' 30" and 33' 30", at its great- 
est and smallest distance from the earth; these, by compari- 
son» will be found to be alternately more or less than the 
apparent diameter of the sun. From the same circumstance, 
also, the raid us of the earth must subtend an angle at the 
moon varyuig in correspondence with this distance ; that is, 
the parallax of the moon must vary in a ratio inversely pro- 
portional to the distance, and it is found to vary between 61' 
26" and 53' 46". Both these elements are therefore chang- 
ing as rapidly as the other elements of the lunar motions, or 
appearances, and in astronomical calculations it becomes ne- 
cessary to pay regard to their existing temporary magnitude. 

For what relates to the mass of the moon, and the other 
data that depend upon it, the reader may consult the table&; 
and it may be more proper here to treat of the principles and 
consequences of the mutual connections between the earth 
and the moon, which are extensive, important, and of gene- 
ral influence upon the individual astronomy of the earth. 

^ 80. The attraction of the moon upon the earth acts from 
an orbit having a position itself subject4o a rapid revolution, 
the inclination of whichy towards the equator^ is variable ; 
the earth, upon which this attraction is exercised, is not an 
exact sphere, but an ellipsoid, that is, flattened at the poles, 
and elevated at the equator ; it therefore presents to this at- 
traction what might be considered an overhanging mass, ex- 
posed more favourably to this attractiiMij and in a position 
variously inclined to the variable orbit of the moon ; the ef- 
fect of the attraction is therefore similar to the effect of a 
weight attached to the outside of a sphere, in all directions 
successively, and always perpendicular ta the plane upon 
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which it lies, that is to the planes of the equator. Hence is 
occasioned, in every position, a leaning of the axis towards 
the side of the weight, represented by these combined effects, 
by which the pole would describe a small circle in the 
course of a lunar revolution, considered circular. But 
the variable distance of the moon, and consequent propor- 
tional variation of the power of this attraction, acting, as 
we have seen in all cases, so as to produce an elliptic mo- 
tion, the axis of the earth actually describes a small ellipse^ 
changeable in consequence of, and in correspondence with, 
the change of position of the lunar orbit ; so that we find 
the position of even the axis of the earth is not constant or 
invariable. 

This motion of the axis is called the Lunar Nutation; the 
ellipse thus described by the pole lias for its greater axis 
23^,7263, and for the smaller axis, 9",643 of a great circle; 
the direction of these axes of the ellipse evidently follows the 
change of position of the orbit of the moon ; and as this 
motion is measured by, or the same as, that of the nodes, 
the position of the ascending node of the moon's orbit in the 
ecliptic, is the leading element by which the influence of the 
nutation is calculated for any given time or point of the ce- 
lestial sphere. Such an element of a variation is called, 
in astronomy, its argument. In this case, as in all others, 
we make use of a language conformable to the appearance 
produced by this motion, and transfer our own motion, by 
inversion, to the whole external spectacle of the heavens. 

^81. The principles here explained : shew that the incli- 
nation of the plane of the equator of the earth to the eclip- 
tic must subject the earth to a similar oscillation, arising 
from the attraction of the sun upon the prominent ellipsoidic 
parts of the earth's equator. This effect must, however, be 
a great deal less sensible, on account of the great distance of 
the sun occasioning the angle under which this influence is 
exercised to be very small. This effect is called the Solar 
Nutation ; the corresponding great and small axes of the el- 
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lipse are only 0'',6 and 0",4; the smallness of this effect ren- 
ders it sensible only in the direction perpendicular to the 
earth's orbit, that is in the latitudes ; or perpendicular to the 
equator, that is in the declinations ; the projection of it upon 
the planes of the ecliptic or the equator become too small to 
be perceptible to our means of observation, and are, there- 
fore, not taken into account. The epoch of the changes of 
these influences depends evidently on the position of the sun 
in respect to planes of the equator, hence the distance of the 
sun from the node of the equator, that is his longitude, forms 
what we have called in the preceding section, the argument 
of this solar nutation. Of course, also, this small motion is 
transferred from its reality to the apparent eflect which it pre- 
sents to us 'y that is, we correct (as this is termed in astronomy) 
the position of all heavenly bodies for this eflfect, to register 
their position independently of the temporary inclination of 
the earth's axis, whether it arise from the solar or lunar nu- 
tation. 

^ 82. We are now prepared to find mutual influences com- 
bining to produce motions more complicated than were pre- 
sented at the first outset, though still consequences of the 
same law of universal gravitation. The connexion of the 
moon with the earth, in her revolution around the sun, is 
the cause that what we have said of the earth's orbi^ and 
revolution around the sun, does not prop^erly refer to the 
earth's centre, but to the centre of gravity of the combined 
mass of the earth and the moon. 

By the principles of universal gravitation, these two bo- 
dies, and, in general, any two celestial bodies similarly con- 
nected, perform revolutions around their common centre of 
gravity in ellipses, the axes of which are inversely propor- 
tional to their masses, or directly, as the distances of their 
centre from the common centre of gravity. 

Thus, therefore, for this reason also, the earth performs 
her course in a kind of undulating and unequal manner, the 
effect of which will again fall upon the appearances of all 
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celestial bodies as seen from the earth, and occasion a cor- 
rection dependant on the position of the moon. This effect, 
joined to a similar one resulting from the planets, may oscil- 
late to 1" on each side ; therefore produce, in the whole, a 
difference of about 2" in the latitude of the earth. 

The common center of gravity of the earth and moon lies 
within the earth ; this is likewise proved by the inequality 
which this produces in the revolution of the earth around the 
sun, the maximum of which is 7'',5, while the parallax of the 
sun, that is the angle subtended by the radius of the earth 
at the sun, is 8'',7, and therefore greater than this variation ; 
the earth is, therefore, from that cause, never in its extreme, 
displaced as much as the whole of its own radius. 

§ 83. The moon being thus, as we may say, attached to 
the earth in its revolution around the sun, and this revolution 
itself being always influenced by the mutual action of uni- 
versal gravitation upon the united mass, must nalurally be 
affected by the changeable position of that part of it which 
constitutes what are called the Perturbations of the earth by 
the moon ; into the numerical details of these we do not in- 
tend to enter in this work ; they belong to a higher depart- 
ment of astronomy. The point from which the effects of 
these perturbations of the motions of the earth in its orbit by 
the influence of the moon, may most naturally be counted 
periodically; that is, what we have above called the argument 
of these perturbations, may most naturally be placed in one 
of the nodes of the moon's orbit with the ecliptic, as on this 
the situation of the lunar orbit depends; and by which, be- 
sides the place of the moon in its orbit, the situation of the 
line of attraction of the sun and the moon, in relation to each 
other, is determined. 

^ 84. Finding the influence of the moon upon the revolu- 
tion of the earth already so remarkable, notwithstanding the 
small mass of the moon, we are naturally prepared to see the 
effect of the sun upon the moon, in its revolution around the 
earth, so much greater, and so much more varied. Though 
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the n^oon, by performing its revolution around the earth, 
shews ; that the preponderance of its attraction over that of the 
sun is due rather to its proximity than to its mass ; the sun, 
which exercises a far more preponderating power over so 
Oiany planets, at so much greater distances, and of so much 
more mass, must exercise a decided influence upon all the 
details of the motion of the moon, in conformity to the gene- 
ral principles of attraction ; and all the effects must be so much 
the more sensible to us, as the moon is the celestial body nearest 
to us ; her movements, in consequence, subtend the greatest 
angles, proportionally to their real magnitude ; or, simply, 
the perturbations of the moon must be the greatest, and the 
most varied that we can observe ; therefore, we observe even 
the changes of the elements of the orbit itself, produced by 
them, and the effect of the combinations of the situations, and 
the varied coincidence of the cases. 

Thus it happens, that, in the present highly advanced state 
of the science, the tables of the lunar motions require the 
application of thirty-six equations^ (as the results of these 
variations of the mean positions, on account of these various 
influences, are called in astronomy,) for the accurate deter* 
mination of the place in which we shall see the moon at a 
certain moment, and from a certain point of the surface of 
the earth ; for it may easily be inferred from what has been 
stated : that, in this case, the local situation of the observer 
upon the surface of the earth, in comparison with the appear- 
ance that the phenomena relating to the moon would present 
from the centre, is also of greater apparent influence than we 
find in any other part of astronomy. 

The deduction of all these details upon mathematical prin- 
ciples, is evidently the task of a highly cultivated analysis; 
and our task here can be no more tha^ to show the funda- 
mental effects of the solar attraction from which they are 
derived. 

§ 83- The first and most remarkable effect of this attrac- 
tion of the sun, exerted from a point extraneous to the lunar 
12 



90 9JLRT III. 

orbit, will at once be perceived to be necessarily, a Variation 
af its distance from the earth; vA*ying accordiDgas the moon, 
by its position in relation to the sun and the earth, is either 
ander their combined attraction, or nnder the influence of only 
their difierence. The first must be the case when the moon 
is in a position directly opposite to the sun, when it receives 
the attraction of both from the same side ; or rather, is more 
abandoned to the attraction of the earth alone, and the dis- 
tance of the moon is thereby made smaller, under the modi- 
fication which we shall see hereafter ; the second takes place 
when the modn being, in relation to the earth, on the same 
side as the sun, therefore, between sun and earth, and the 
attraction of the two bodies acts in opposite direction; conse* 
quently, as the sun draws the moon away from the earth, its 
distance from the earth is augmented. This efiect of the 
sun's attraction leading the moon entirely out of the course 
which it would otherwise take, is called the Evection^ the 
maximum of which is at present 1^ 30' 29",9. 

It is, in general, evident that the gravity of the moon 
towards the earth is diminished by the effect of the sun's 
attraction ; in consequence of which the moon must describe 
around the earth an ellipse of greater dimensions than it 
would describe nnder the influence of the attraction of the 
earth alone ; this augmentation of the distance is ^jt of the 
radius of the orbit ; so much, therefore, the gravitation of 
the moon towards the earth is diminished by the sun's attrac- 
tion. The angular velocity diminishes y^^, as the areas of 
the sectors must be the same for equal times in both orbits. 

In the two syzigies the gravitation of the moon towards 
the earth is diminished nearly in the proportion of the radius 
of the orbit of the tnoon to that of the orbit of the earth. 
When, on the contrary, the moon is seen in a direction at 
right angles with the sun, this diminution is about half of that 
in the syzigies. 

Between these extreme cases, all the intermediate changes, 
which correspond to intermediate positions of the moon. 
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in passing from the one to the other extreme, must evidently 
take place ; these depend, of course, upon the angle betwef»il 
the line of attraction of the sun and the radius of the moon's 
orbit, which are moreover in different planes, and under a 
constantly varying inclination to each other. When these 
two lines are perpendicular to each olh^r, this effect must 
vanish, and the same influence, which acted to prolong the 
radius of the moon's orbit, will, as we shall see, produce the 
maximum of an effect of a*diflerent kind, in two points dia- 
metrically opposite to each other in the lunar orbit ; this will 
in its turn diminish when the evection augments ; so that 
these two effects are always apparent, and combined in inverse 
ratio. 

^ 86. This second effect is called the Faria^ion, because 
it consists in a variation of the velocity of the itiotion of the 
moon in its orbit; it is evident that when the radius' of the 
moon's orbit is perpendicular to the line of attraction of the 
sun, the whole effect of the sun's attraction is exercised in the 
direction of a tangent to the orbit at that place ; it therefore 
acts entirely in acceleration or retardation of the moon's mo- 
tion in its orbit ; and this place of the moon's orbit is very 
near to that in which we see it at right angle with the sun, or 
what is called in quadrature, because the radius of the orbit 
of the moon subtends at the sun, an angle always less than ^ 
4^ minutes, which, therefore, is the utmost limit of the differ- 
ence between these two angles. 

When the direction of the moon's motion is tovmrSs the 
sun, that is, during her motion between full moon and new 
moon, the variation is in acceleration of the motion, because 
the attraction of the sun acts in coincidence with the proj)er 
motion of the moon ; when on the contrary the moon's mo- 
tion is apparently receding from the sun, that is, from new 
moon to full moon, the attraction of the sun acting in an 
opposite direction to the moon's motion, will of course retard 
it. From this it is also easy to conclude that, as in the 



93 PAflT III. 

Section, the smallest effect, or variation, takes place in tbe 
(vro points of the orbit at right angles with the greatest, which 
is, in this case, in the syzigies. 

^ 87. These effects of the solar attraction are of course 
Snflaenced, in regard to their magnitude, by the greater or 
smaller distance of the earth from the sun; or what is the 
same thing, by the position of the earth in its orbit ; so that, 
to speak in general terms, the orbit of the moon becomes 
enlarged, in proportion as the esfrth is nearer to the sun, and 
contracted again when it is at a greater distance from it. 

With this change of position of the system of the earth and 
the moon, therefore, all the quantities of these influences 
change anew, so as to form what is called the Annual equct- 
iiona of the moon ; these changes evidently keep pace with 
what in the motions* of the earth, or, apparently speaking, iii 
the solar tables, is called the Equation of the centre^ of which 
Table I. line 8, gives the maxima for all the planets. 

^ 88. Under the name of the Secular Variation of the 
moon, is comprehended in, astronomy, the final results of 
the general influence of the sun upon the moon, in conjunc- 
tion with the secular variations of the excentricity of the 
earth's orbit. This affects of course all the variations of 
any one of the elements of the orbit that have been men- 
tioned before ; it comprehends therefore, in some measure, 
the remaining total effect of them in a long period, reduced 
to their secular value, for more convenience. 

^ 89. Though the more minute details and complications 
of influence resulting from the principles stated before, are 
of the greatest interest in practical astronomy; it may here 
suffice, to give only some general views^ and make such 
remarks as may give the means of judging in relation to them 
with more ease. 

It will be evident that all the variations iand influences in 
the Perturbations of the fnoon, or of its orbit, will alternately 
act in augmentation or in diminution of the quantities to 
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which they are applied, or upon which they exercise an 
influence; but they will ultimately produce a successive, re- 
trogradation of the moon's orbit : that is, produce a motion 
of this orbit in the inverse order of the signs of the ecliptic. 
The changes of the inclination of this orbit will be oscilla- 
tory. . '»' 

. The attraction of the earth by the sun is more than dou- 
ble that of the earth upon the moon ; if this were not so, 
the gravitation of the moon towards the earth, at the new 
moon, would be three times that which would otherwise take 
place between the moon and the earth alone; at the full moon, 
on the contrary, this action is to augment the distance of the 
moon from the earth. 

The diminution of the moon's gravity . in the syzigies 
being double of that in the quadratures, there is an excess of 
this effect which produces an advance of the line of the 
apsides. 

In our times the moon's. motion is accelerated ; this arises 
from the action of the sun, under the secular variation of the 
excentricity of the earth's orbit; whilst the excentricity dimin- 
ishes the acceleration will increase, and inversely. 

Even the ellipsoidic figure of the earth produces changes, 
or variations, in the revolution of the moon, in consequence of 
the preponderating action of the mass at the equator above 
the sphere, whose radius is the polar axis ; these being deter- 
mined both by theory and by observation, give a means 
whence to deduce the ellipticity of the earth itself; for this 
they give 7A.7 and ^t^.tt by two different equations^ in near 
coincidence with the results of actual measurements on the 
earth, when these results are combined so as to give the least 
possible difference ; and this determination presents the result 
of the general effect of the figure of the earth, without any 
influence of the local inequalities which may exist in the figure 
of the earth. 

§ 90. Taking into general consideration the effects of all 
these combined influences it is clear : that they must depend 
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essentially upon three variable circumstances, or elements, 
and their combinations, namely : 

1st. The distance of the sun from the earth. 

2d. The distance of the moon from the earth. 

3d. The position or inclination of the line of the attraction 
of the sun to the orbit of the moon. 

All these are variable, and their variations, together with 
the reciprocal influences of those variations themselves, are 
combined in every possible manner, within certain limits; pro- 
ducing alternately the greatest or smallest efiect in the place 
of themoDn, and ultimately a joint eflect upon the motion 
of the moon's orbit in general ; and this itself is subject to 
oscillations. 

Thus, for instance: the' combination of the elements which 
will produce the greatest efiect in extending the radius of the 
orbit, or the evection, will take place when in an inferior con- 
junction of the moon, that is, at New moon ; the node of the 
moon's orbit, and the apogee of the moon's orbit, are also in 
the same place, and the moon has no latitude, or is also in her 
node with the ecliptic ; for then, being in the most remote pos- 
sible position from the earth towards the sun, and the action 
of the latter the most direct, it is the most exposed to its in- 
fluence ; and the eflTect is exercised without diminution in the 
direction of the produced line of the radius of the moon's 
orbit. So far as this efiect is concerned, the smallest radius 
would take place under the combination of the following cir- 
cumstances : the moon in opposition or full ; her latitude 0^ ; 
and the perigee and the node in the same point ; all these 
would, however, be modified by the position of the earth in 
its orbit, and the moon would be in the nearest possible posi- 
tion to the earth, when, in addition to the foregoing circum- 
stances, the distance of the sun and earth is greatest, or the 
sun in apogee. From these extreme cases to the zero of this 
efiect, which, as stated, takes place near the quadratures or 
quarters of the moon, under the complete combination of all 
<nr€iimstaiices, it is hardly necessary to say that the combi- 
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nations of the temporary effects, which determine any inter- 
mediate situation, are varied in a very great degree. 

^91. Such would be the result of these different effects, if 
their causes were to produce them instantaneously ; but the 
maxima or minima and the gradual increase or decrease of all 
these effects, as to their appearance, depend on a succession 
of continued actions of the attraction, which need time to 
reach their accumulated and full effect, and to become appa- 
rent to us ; therefore, all the phenomena, as above stated, cor- 
respond, when observed, to places and times different, and 
retarded, from those stated, as their mathematical point of 
action ; and for this retardation it again becomes necessary to 
account in the calculations of the places of the moon, for any 
given moment. 

<^ 92. We have seen in speaking of the planets, and the 
figures representing their orbits show : that to determine the 
place of a celestial body, it is necessary to refer this position 
to certain determined points in the circumferences of two 
great circles, or planes, perpendicular to each other, for 
which the plane of the ecliptic, and the plane perpendicular 
to the same, passing through the celestial body itself are 
selected. The effect of all these influences is therefore to be 
considered in the same manner, and reduced to that which 
they represent in these two planes, or what is called in longi- 
tude on the ecliptic, and in latitude perpendicular to the 
same. Under the varied inclinations which both the orbit of 
the moon, and the direction of the son's attraction have to 
these planes, the reduction to them again occasions new com- 
plications ; still, it is in this form that they are all recorded 
and treated of in the tables of the moon's motions. 

^ 93. The proximity in which the moon presents to us all 
these varied efiects of universal gravitation reciprocally cros^ 
sing each other in their periods, and influencing each other in 
various ways, renders them greater and more obvious to ob- 
servation than the corresponding effects in any other part of 
omr solar system ; they are, therefore, more difficult to dfBVe- 



96 PART III. 

lope from each other, to submit to regular calculation. At 
the same time they furnish the means to perfect the theory of 
this mutual influence of the celestial bodies on each other's 
motions ; and from unaccountably irregular, as the motions 
of the moon appeared to the earlier astronomers, the present 
advanced state of the science, with the assistance of a highly 
cultivated mathematical analysis, have brought the results 
of the theory and the observations to a highly satisfactory 
coincidence, and derived from it great results, not only for 
theoretical science, but for the important solution of the prob- 
lem of determining the position of places upon the earth in 
respect to longitude, the solution of which, was wanted in 
order to determine precisely thie position of places on the 
globe, for which the latitude alone is insufficient. 

From this same proximity and the apparent magnitude of 
the perturbations in the moon's motion, it necessarily arises 
that her apparent diameter is so sensibly affected as to 
require their influence to be taken into account ; and this is 
still more necessary in the case of the lunar parallax ; for this 
l$ist is much greater, inasmuch as it is equal to the semi- 
diameter of the earth, as seen from the moon, which is 
nearly one degree. It is evident that this latter quantity must 
evien be different for different radii of the earth, which decrease 
from the equator to the pole. We shall see this more clearly 
in its place, but we may be aware of it from the fact already 
stated that the earth is an ellipsoid and not a sphere. 

^ 94. We have seen that the sun is the . origin of all the 
perturbations of the moon above enumerated ; and from this 
arises the necessity, when it is desired to determine the place 
of the moon, to determine previously the apparent place of the 
sun will] accuracy, in order to obtain the elements of the 
changes of the moon, which will correspond to that situation. 

^ 95. Sijice the theory of the moon's motion has been ren« 
dered more perfect, and the knowledge of. her position has 
become in some measure a daily want, not only in science, 
but in ,the practice of navigation and geography, her posi- 
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lion, the temporary rates of her motion, her diameter paral* 
lax, &c. are marked in astronomical ephemerides, at intervals 
not greater than three hours distant from each other ; not 
only these but even her direct distance from the mn and seve- 
ral well determined fixed stars, are given at the same inter- 
vals of time, for the immediate use of the navigator, be. 

^ 96. A remarkable difference between the planets and the 
satellites lies in this circumstance: that, while the former 
have all a rotation around an axis within themselves, indepen- 
dent, and, as far as we can yet see, not proportioned to the 
time of the revolution of the planet, we find on the contrary 
that the moon turns always the same side towards the earth. 
From this it arises that the duration of a day and night upon the 
moon, as dependant upon its rotation, and consequently also 
the position of the sun and that of the earth, for any particu- 
lar point of the moon, is confounded with the synodic revolu- 
tion of the moon ; that is, they are of the same duration ; and 
to speak the same language as we would apply to the earth, 
the year and the day are of the same duration in the moon. 

Another result of this circumstance is, that the same hem- 
isphere of the moon is always turned towards the earth ; it is 
In fact well known that we always see the same configuration 
upon its surface, under equal quantities of illumination, but 
within the limits of certain small oscillations which will be men- 
tioned hereafter. As a consequence of this, we find, from the 
principles of attraction, that the moon must be of an ellip- 
soidal, or rather oval form, elongated in the direction of the 
earth. And if, from the small density of the moon, we should 
allow ourselves to ascribe to it a capability of yielding to a 
variation of this attraction, we might conclude a variability 
of the shape of the moon, according to its position in relation 
to the sun and the earth, on account of the unequal efiect 6f 
the attraction upon the two hemispheres; of this, however, we 
have, or perhaps can have, no indication from observation, 
and this phenomenon must remain invisible to us, because we 
13 
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alwayi see the projection of the gi'eat circle perpendicular to 
this elongation. 

For the same reason, also, the earth is only visible to ooe 
half of the moon ; the effect of which must make a great 
diflbrence between the two hemispheres of the moon, as the 
part turned from us must be forever deprived of the reflected 
light of the earth; and, therefore, of any relief of the dark- 
ness of its long night, by a phenomenon similar to our moon- 
light, but much superior in magnitude and probable effect ; 
while the part turned towards the earth has a regular, suc- 
cessive, and proportional exchange, between the direct light 
of the sun and the reflected light of the earth. 

<^ 97. The moon being by far the nearest to us of all ce- 
lestial bodies, increased optical means have enabled us to 
observe the surface turned towards us, with great minuteness ; 
we have as yet, however, derived from this contemplation 
rather food for the imagination, than any actual and precise 
knowledge of facts, in respect to the details of its physical 
constitution. 

We see upon the moon's surface what we call spots ; that is, 
parts reflecting less light than others ; and these differences 
of light seem to be constant in their form, and without per- 
i ceptible variation in their light. The different parts, or fi- 

gures, which they present to us, have received names, and 
their positions have been determined by latitude and longitude, 
like the places on earth, and perhaps more accurately than 
gome of our cities. We have a Selenography^ (so the geo- 
graphy of the moon is called,) as we have a geography, and 
maps made with great care and precision. The parts dis- 
tinguishing themselves by peculiar light or shade, have re- 
ceived the names of mountains, volcanoes, seas, marshes, ac- 
cording to the ideas and appearances which they presented 
to the observers. There the astronomers have recorded the 
memory of those men of former times, whom jealousy and 
' ignorance hardly allowed to mention among those who dis- 
turbed the human society, and retarded its advancement 
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towards civilization, by the broils of their ambition, or their 
sordid stupidity, in the history of the misfortunes of the hu- 
man race— i:i boasted political history. On entering the 
moon we Cnui ourselves in the society of the philosophers, 
whom the vulgar insult, while they enjoy the advantages ob- 
tained by their talents and intellectual exertions. 

If any general consequences are allowed to be drawn from 
the observations of the moon's surface, in this respect, we 
may draw the general inference : — that far from finding any 
reason to refuse to it inhabitants with intellectual, and, we 
will hope, moral faculties, all observations equally lead to the 
supposition, that physical circumstances and means, not 
much diflereut from those on earth, must have aims and re^ 
suits not far different from those we here observe; and 
nothing can prompt the ignorant to refuse this extent of power 
and benignity of purpose to the deity, except the fear of 
seeing their arrogance humbled before the qualifications of 
beings to whom they might not dare to compare themselves. 

<§ 98. By the attentive observation of the effect of the 
twilight upon the part of the moon bordering the illuminated 
part, it has been found to extend over 2° 34' 26" of the cir- 
cumference of the moon ; this gives to its atmosphere an 
elevation of 0,0002533, or -y^iTTr parts of the radius of the 
moon ; from this observation, we evidently obtain only such 
an arc, and consequent elevation of the atmosphere, as will 
intercept a sufficient part of the solar light to produce an ob- 
scurity discernible by us. 

The small density of the moon must also naturally lead to 
a lesser density of the atmosphere than ours, as has already 
been observed, in this respect, for the sun ; in addition to this, 
we must also expect a smaller extension of this aUnospherCi 
in consequence of the small mass of the moon. 

The refraction of light in the passage through a^riibrm 
or gazeous substances, being only a fractional effect of their 
density, we must not expect that the observation of this effect 
can ever serve as a very accurate mean of determining the 



X 



100 ^ART III. 

atmoqiheres of celestial bodies, either in extent or Aetf^tyf 
and it would be of little interest to make here a supposititious 
calculation upon this subject. However, the observations^ 
hitherto made lead to a horizontal refraction of 3j seconds^ 
which, considering the small difference of density between 
the sun and moon, appears to come in support of the ideas 
given above upon this subject. 

^ 98. We are already habituated to see every movement 
of the celestial bodies affected by periodic changes, or oscilla** 
tions on both sides of a certain mean state ; whether we refer 
to the actual motions of heavenly bodies, or to the appear* 
ances which they present to us ; such is also the case with 
the appearances of the moon's disk, which, by its ji^oximity 
to the earth, presents always less than 180° of its circum- 
ference to an observer on the earth's surface ; for instance^ 
under a diameter of 32', only 179° 28' of its circumference^ 
With a nearly apparent equality of the general appearance^ 
this disk is however subject to changes, observable only 
on the borders, and depending on various causes; these 
changes are called Libraiions^ and are as follows : 

Ist. The libraiion in longitude. We have stated, that the 
revolution of the moon is equal to what might be considered 
a rotation around its axis, in relation to the sun ; because it 
occasions every part of the moon to be successively pre- 
sented to the sun. But, as we have seen to occur upon the 
earth, in respect to mean and true solar time, the different 
velocity with which the moon arrives successively in the suc- 
cessive superior conjunctions, or full moons, where we see it 
in full light, occasions that these full lights present us with a 
surface of the moon, varied in proportion to this difference 
of coincidence between the true and mean return to the full 
moon ; this change progresses therefore only a small step, a» 
we might say, in each revolution of the moon, or what we 
call month ; it depends on the revolution of the moon's orbit 
itself, or what is called the line of its apsides ; the revolution 
of these we have stated to take place, in relation to the sun. 
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111 a period of about 3231^ days, or about 118 changies of 
the moon ; the magnitude of this change of appearance 
amounts to about 8° of the moon's equitor, and is sensible 
only in a small change in the appearance of the spots in the 
moon, east and west, near the equator, if we may thus ex- 
press ourselves* The whole change of appearance, there- 
fore, retiyrns in the same order after the period stated ; and 
since the time that observations have been made upon the 
moon, accurate enough to determine it, there has not been 
found reason to suppose it productive of an ultimate pro- 
gressive change. 

2d. 2%e libration in latitude is the apparent effect which 
the inclination of the orbit of the moon to the ecliptic pro- 
duces to a spectator in this plane ; the moon being alter- 
nately north or south of the ecliptic, in the course of its re- 
volution, we naturally see more of the southern or northern 
hemisphere in proportion to this deviation of the moon in 
latitude north or south; the epoch of this libration must be 
that of thi* revolution of the moon in relation to its nodes, 
and its magnitude must of course, on each side of the mean 
situation, be equal to the inclination of the lunar orbit to the 
ecliptic, or about 6° 8'. 

3d* The third libration is similar in its effect to the nuta- 
tion of the axis of the earth, as we have described it, and of 
course affects both the preceding apparent nutations. The 
inclination of the equator of the moon to its orbit, and of 
this to the ecliptic, furnish three planes, intersecting each 
other in the centre of the moon, which are found to have one 
common mean node ; of these three planes, that parallel to 
the ecliptic is always between the two others; it makes, with 
the lunar equator, an angle of 1° 30' 11", and with that of ^ 
the lunar orbit, the angle of 6° 8' 38", as given before ; their 
common node is affected by a retrograde motion, the period 
of which is 6793,391 days; during this period, the pole^of 
the lunar equator and that of its orbit, describe a circle 
around the pole of the plane parallel to the ecliptic, in such 
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a manner^ as always to preserve their respective position in 
tlie same great circle of the sphere. The period of this nu- 
tation is subject to various inequalities, aud follows, besides, 
the variations of the inclination of the moon's orbit. 

4th. The daily libration is the effect produced by the change 
of the parallax of the moon. On its rising, the observer 
stands upon the end of the earth's radius, perpendicular to the 
line of centres ; he sees therefore, on the surface of the moon, 
farther than the radius perpendicular to this same line, by 
the amount of the difference between the moon's parallax 
and its radius; both these quantities change in nfagnitude, 
and the position of the plane, in which the parallax changes 
likewise, becoming smaller as the moon is more elevated, and 
increasing again after the greatest altitude in another direc* 
tion, other parts of the moon become visible in consequence 
of this, which forms the daily libration^ and is evidently only 
sensible on the edges parallel to the horizon. 

It is evident from all that has been said in relation to the 
motions of the moon, either real or apparent, that all the 
epochs and magnitudes of these librations are subject to os- 
cillatory changes, or differences, which, in fact, do away with 
all epochs, and reduce their determinations, like all others in 
the present more advanced state of astronomy, to the mere 
calculation of the real or apparent state from the data, ground* 
ed only upon the general epochs of the mean motions of the 
heavenly bodies concerned. 

^ 99. The variation of the appearance of the illuminated 
part of the moon forms such a striking phenomenon, that no 
spectator can have failed to follow it in all its details ; it 
therefore hardly needs to be minutely explained, as the suc- 
cessions of this illumination in every month follow so evi- 
dently the position of the moon in respect to the sun. 

The figure in the middle of plate III. gives an idea of the 
successive state of illumination, which the moon must present 
to the earth in the course of its revolution, according to the 
angle under which we see it from the earth ; the illuminated 
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part of tbe moon is always that which lies within the circuin- 
ference of the small sector of a circle, drawn around the sun 
with a radius equal to the distance of the moon from it, while 

, we see from tbe earth always that part of the moon which 
lies within the circle around the observer on earth, drawn with 
the radius df the moon's orbit, and which includes so much 
a greater part of the enlightened hemisphere of tbe moon, 
as our line of vision coincides more with the cone, or line, of 
illumination from the sun. Opposite to each place in the 
moon's orbit is marked, in tbe figure, the appearance which 

-that situation presents to us. 

When the moon is in the straight line between the sun and 
the earth, or very near it, the dark part of it being turned 
towards us, the great light of the sun renders the faint illumi- 
antion, which the reflected light of the earth must occasion in 
the dark part of the moon, imperceptible, notwithstanding this 
illumination is then the greatest ; then of course we do not 
see the moon ; but the motion in its orbit in one day bringing 
it to a distance of about 13° from the sun, it becomes visi- 
ble, by shewing the illuminated part of an equal number of 
degrees on the side towards the sun ; the fainter light occa- 
sioned upon the dark part, by the reflection from the earth, 
renders the whole surface of the moon discernible, in a fa- 
vorable state of the atmosphere. 

This beginning of the appearance of the moon, which is 
called the J^ew moon^ occurs, as in the case of all the planets, 
when she first becomes visible, after her proximity to the sun, 
in the western horizon, after sunset. The time of the stay of 
the moon above th'e horizon after sunset, and the magnitude 
of the illuminated part of the moon, alike increase rapidly 
every day ; the first about three-quarters of an hour every 
day ; the latter about 13° of the moon's circumference ; so 
that in about one week the moon reaches a position about 
at right angles to the sun, and an illumination of about half 
its apparent disk. With the augmentation of the angular dis- 
tance of the moon from the sun, the illuminated part of the 
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moon becomes more visible, and the fainter illumination of the 
dark part, by the reflection of the earth, becomes gradually 
entirely obliterated* The moon, having arrived at the po- 
sition in its orbit directly opposite to the sun, and therefore, 
rising at about the same time when the sun sets, it appears 
completely illuminated^ and embellishes the spectacle of the 
heavens the whole night : it is then FuU moon. From this 
position, the moon, continuing her apparent course in the 
same direction, begins to remain above the horizon in the 
morning after the rising of the sun ; and at the same time 
approaching to the sun on the opposite, or eastern side, gra- 
dually presents us daily more of its dark part on the west 
side, and resumes the appearances which it had presented 
between new moon and full moon in an inverted order, during 
its revolution between full moon and the new moon, which 
brings it again to the proximity of the sun, whence we began 
the description of its appearances. 
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CHAPTER IV. 

Of the Eclipses of the Sun and Moon. 

§ 100. In consequence of the revolution of the moon^s 
orbit, and its inclination to the ecliptic, new and full moon 
will occur successively in different parts of the moon's orbit; 
and, therefore, at different distances from the plane of the 
ecliptic. 

When the ^ew moon takes place near the nodes of the 
lunar orbit, the apparent angular distance of the centres of the 
sun and moon may be less than the sum of their semi-diame- 
ters ; and if such is the case, as seen from the centre of the 
earth, or even from any point on the earth's surface, it is evi- 
dent, that the interposilion of the moon between us and the 
sun will make it appear as projected upon the sun ; this pro- 
duces what is called a Solar eclipse. 

The earth, receiving its light from the sun, must necessarily 
project on the opposite side a cone of shadow : this extends 
farther than the orbit of the n^oon, as may be easily shown 
by calculatio.n. If, therefore, at the time of Full moon, the 
distance of the centre of the moon from the axis of this cone 
of shadow is less than the sum of the radii of the moon, and 
of this cone of shadow at the place where the moon passes it, 
the moon will be darkened by this shadow. This passage of 
the moon through the earth's shadow constitutes a Lunar 
eclipse. 

As the light of the sun does not emanate from one single 

point, but from all the points of an extensive surface, each of 

which would form its own cone of shadow behind the earthy 

the crossing of all these cones will form, not only a cone 
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whose base is turned towards the sun, which terminates at a 
certain point behind the eartli, and whence the whole of the 
sun's light is excluded ; but also a truncated cone whose sec- 
tion is constantly increasing behind the earth, and which in- 
cludes every gradation of shade according to the greater or 
less portion of the sun that is apparent from any point at a 
certain distance from the axis of the cone« This is called the 
penumbra, and its limit must be very indistinct and uncertam. 
It may evidently happen, that the moon passes only through 
this cone of the penumbra, and may only suffer a partial 
loss of its light. 

§ 101. A lunar eclipse being an actual event, or phenome- 
non, not a mere appearance depending on the relative situa- 
tion of the spectator, happening therefore at an absolute mo- 
ment of time, at which different observers in different places 
upon the earth, will be in different points of their rotation in 
relation to the sun ; these different observers counting, as we 
have seen to be a general principle, each his time from his 
position in respect to the sun, they will, as we may say, register 
the moment of this event at different times ; and this differ- 
ence of the time, counted at two places at the same absolute 
moment, constitutes their difference of longitude. Thus, 
lunar eclipses would be the easiest mode of determining the 
difference of longitude upon earth, if their observation were 
capable of that degree of accuracy which the present state of 
the science requires ; they were, therefore, in the infancy of 
astronomy, before better means, and more ability in the neces- 
sary calculations, were at the disposal of astronomers, as valua- 
ble as they are now scientilScally uninteresting, and, in conse- 
quence, neglected. That the moments of contact of the moon 
with the actual cone of the shadow of the earth must not be 
very distinct, will easily be concluded from the natural cir- 
cumstance, that from the outside of the penumbra to this cone 
the light must diminish by a gradation corresponding to the 
magnitude of the sun's disk shut out from the moon, npon 
which the apparent darkness depends. 
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The radius of the section of the cone of shadow, at the 
place of the moon's passage through it, is always equal to the 
difference between the sum of the parallaxes of the sun and 
moon, and the radius of the moon ; and these depend on the 
distance of the moon from the earth, and the distance of the 
earth from the sun. These quantities determining the latitude 
of the moon at which an eclipse can take place, correspond 
to a certain distance from the nodes on either side, and the 
limits of their variation determine the limits of the distance 
from the nodes in longitude, at the time of the conjunction of 
the moon, in which an eclipse of the moon is either certain or 
possible ; at a greater distance the eclipse is impossible. 

The certainty of an eclipse of the moon is within 7° 47' of 
distance from the nodes ; and the impossibility commences 
at 13° 21', and excludes all greater distances. 

The duration and magnitude of these eclipses depend oh 
the same elements ; and the first of these, besides, on the ve- 
locity of the moon at the moment, by which it would of course 
pass the section of the shadow at a quicker or slower rate» 
The diameter of the cone of shadow at the place of passage 
of the moon varies between 37f minutes and 46j minutes. All 
these elements must, therefore, be taken into account, if an 
accurate calculation of an eclipse is required, for the purpose 
of predicting it, with its peculiarities. 

The cone of the actual shadow of the earth is, at a mean, 
about 110 diameters of the earth in length, or 36 times tlie 
radius of the moon's orbit ; the vertical angle of this cone is 
31' 13". These elements of course vary with the distance of 
the earth from the sun. The moon's distance varies with the 
very variable ellipticity of its orbit. Certain combinationa 
of the apogee both of the sun and moon, and the influence of 
the refraction of the atmosphere of the earth may occasion 
the moon to pass only through the penumbra, and the shadow 
will be modified, by the passage of the light, from the part of 
the snn not actually covered for the moon, through the at- 
mosphere of the earth. The shadow, or apparent colour of 
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the moon, in this case, having been observed to have a redish 
hue, we may conclude that the earth's atmosphere admits the 
passage of the red rays of light in preference, as the light 
thus mixed with the shadow must pass in a great part through 
■«ur atmosphere. If the eclipse should take place in the great- 
est proximity of the moon to the earth, and of this to the sun, 
the moon may be plunged so entirely in the full shadow of 
the earth, as even to become invisible. 

The figures 6 and 7 in Plate V. which are intended for 
the explanation of the eclipses of Jupiter's satellites^ also 
give an idea of lunar eclipses, the phenomena being ex- 
actly similar, with this diflerence only: that the smaller 
diameter of the earth, and its greater proximity to the 
sun, occasion the cone of the true shadow of the earth to 
be so much shorter, and the penumbra, on the contrary, to 
spread so much wider. Besides, by our proximity to that 
phenomenon, we can observe details which become obliterated 
at the greater distance at which we see the occultations of 
Jupiter's satellites. 

§ 102. The passage of the moon between the sun and the 
earth, sufficiently near to the line joining their centres, io in^ 
tercept from any part of the Earth the light of any part of the 
Sun produces a Solar eclipse ; this furnishes one of the most 
interesting and most important observations of our astro- 
nomy. 

This phenomenon is therefore properly rather an optical 
projection of the moon, or part of the same, upon the appa- 
rent disk of the sun ; such as will refer to the visual lines 
drawn from the point of observation on the earth's surface, 
to the respective parts of the moon's circumference, and pro- 
longed to the apparent disk of the sun. From this point of 
view it will be most proper to deduce the general considera^ 
tions which we have to present upon this subject. We 
shall only state as facts the numerical data which may 
be needed, the details of these belong to calculations into 
which it is not our object to enter. 
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Every point of the earth's surface presents itself as the ver- 
tex of a cone based upon the great circle of the moon perpen- 
dicular to the axis of vision passing through the centre, and 
the investigation to be made is, whether and where the pro- 
longation of this cone beyond the moon will meet the sun. 

The moment for which this fact is principally to be ascer- 
tained is that in which the moon passes the circle of latitude, 
drawn- through the centre of the sun, which is called conjunc- 
tion, because near that place and time the greatest proximity 
of sun and moon will take place. 

The general phenomenon is of course here again, as in all 
cases, referred to the centre of the earth, and the calculation 
of this appearance, for any point upon its surface, must evi- 
dently take into view the place this point occupies in its daily 
rotation in relation to the sun, and its position upon the 
earth's ellipsoid, upon which the parallaxes depend. These 
elements are constantly changing; and their effects are so 
much more complete as the changes take place in directions ' 
crossing each other variously, as well as different from that 
of the relative apparent motion of sun and moon. The 
diameters of the sun and moon are equally variable, espe- 
cially the latter; they form the quantities which are to be com- 
pared with the apparent positions of their centres. These 
variations of all the elements of the calculation oblige us to as- 
certain their corresponding values for every moment of the 
duration of the phenomenon, the length of which is of course 
dependent on the proportion between the magnitude of the 
part of the sun covered by the moon in its passage, and the 
relative excess of the moon's motion over that of the sun ; 
it is therefore usual to calculate these elements and their va- 
riations for every hour in the neighbourhood of the time of 
the phenomenon, whenever it is to be foretold for a certsdn' 
place, or when the result of actual observations are to be 
applied. 

^ 103. In Platk v. figure 4, the section of the cone 
drawn from the centre of the earth tangent to the moooi and 
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of which the dotted line is the central axis, being supposed 
to meet the sun, represented by the greatest circle, will project 
the moon to an observer in the centre of the earth, at the 
moment of conjunction, in the circle : L, I, K, H. 

It must be observed, that, for the sake of ease in represent- 
ing the appearance we have taken tiie liberty to represent 
these projections in the figure as circles, although, as they are 
perpendicular to the plane upon which the figure is in other 
respects drawn, they would become mere straight lines. 

This circle, L, I, K, H, would lie upon the sun, except 
the part L, I, K, A« An o'bserver at the point where the 
axis of the cone (the dotted line) cuts the circumference of 
the earth, would see the eclipse at the same place without 
any influence of parallax, and with the sole difference of an 
increase in the diameter of the moon proportioned to the di- 
minution of the distance of the whole radius of the earth ; he 
would see the phenomenon exactly in his zenith ; such a 
point can therefore only be within the tropics, and furnish a 
very limited case. 

An observer in the point marked t, in the circumference 
of the circle representing the earth, will of course see the 
moon projected in the circle, C A. &£c. completely withio 
the sun, which produces what is called an Annular eclipse^ and 
it is easy to see, that, if by the changeable ratio between the 
diameters of the sun and moon, the latter happened to be 
larger, he might see no part of the sun, and therefore have 
what is called a Total eclipse^ even of some duration. The 
phenomenon is of course affected by the parallaxes of the 
sun and moon, and the augmentation of the diarheter 
of the moon^ due to the difference between the centre of thei 
earth and the point t, in the position in which it may then 
be in its daily rotation, and in respect to the sun and mood« 

If we remove our. observer to the point t, the moon will 
appear to him in relation to the sun, represented by the circle 
D, F, L, E, iC which will hide only the part I, L, E, K, of 
the sun, and the same ecUpise which appeared annular to tbm 
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observer in t, will be only small for bim; and tbis difference 
will be due to the apparent effect of the parallax, and the 
change of the apparent diameters due to the point t, compared 
to the point t. Such will evidently be the case for any 
other point of the surface, every observer seeing the mfoon, 
projected differently, also sees the eclipse differently, or 
what is usually called different phases of it. 

What has been said here for the moment of conjunction^ 
evidently applies to every other moment of the phenomenoDi 
and therefore to the beginning and to the end. The eclipse will 
begin for any point upon the earth at the moment when the 
distance of the centres of the sun and moon will be equal to 
the sum of their semi-diameters ; and it is easy to see that 
this line of the centres or semi-diameters will be differently 
inclined to the directions of the apparent motion of the sun 
and moon, according to the place of observation, and the 
direction in which the moon passes, or the apparent angle 
between the orbits of the sun and moon ; the calculation of 
the effect of the parallax for any place and time is, therefore, 
tbe principal subject to be attended to. 

In Plate V. iSgure 5, is represented the appearance of a 
transit of the moon before the sun, as it would appear to an 
observer in t ; and it is easy to conceive, that the change of 
position of the observer, and that of the apparent position of 
the moon's orbit, will by a combined effect vary the line of the 
apparent path of the moon in front of the sun : the first by 
the effect of the parallax of the moon, the second by the va- 
riation of the position in which the eclipse takes place. The 
moon must evidently approach the disk of the sun from the 
west, and by the effect of its greater angular velocity, it will 
pass to the east side of it in such a time as will correspond 
to the combined effect of the excess of its velocity over that 
of the sun, and the cord of the sun which it has to pass, af- 
fected by the parallax corresponding to the place of obser- 
vation. 

^ 104. The great distance of the sun in comparison to that 
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of the moon from the earth, occasions that the angle subtended 
by the «um of the radii of the earth and moon, together with its 
penumbra, is always less than } minute, as it is equal to the snm 
of the parallaxes of the two bodies ; this angle is the deviation 
from the parallelism of the two lines drawn from the sun to the 
^arth, or to the moon ^ and, therefore, its influence upon the 
appearance of the eclipse is only small, and the limit within 
which a solar eclipse must, or may, take place, is, generally 
speaking, determined by the sum of the apparent diameter of 
the moon and its parallax, which may at a mean be stated at 
00', or Ij- degrees. With this, therefore, the ladtude of the 
moon in any new moon must be compared, to determine 
whether an eclipse can take place, and the difference of lon« 
gitude of the sun and moon, corresponding to such a latitude, 
will, therefore, give what is usually called the mean limit of 
such an eclipse. The variation of these two quantities fur- 
nish the following more detailed results : — ^The certainty that 
a solar eclipse must take place at some point on the surface 
of the earth, is limited by a distance of 13° 33' from the 
moon's nodes with the ecliptic : the eclipse ceases to be pos- 
sible at a distance of 19° 44' from the nodes ; between these 
two limits, a more close investigation of the circumstances 
and elements must determine whether an eclipse will occur 
or not. These limits including the whole surface of the 
earth, are of course not those that fit any particular place ; 
for that individual case they become of course much narrower^ 
as they not only become reduced to one point, instead of the 
whole semi-surface of the earth, but the appearances are com- 
bined in a variety of ways, according to the position of the 
place and the course of its rotation with the earth, compared 
to that of the moon in relation to that of the sun. From this 
circumstance it arises, that though the actual phenomena of 
solar eclipses, generally speaking, are more numerous than 
lunar eclipses, these latter are, notwithstanding, more frequent 
at any given place of the earth. It is evident, that the influ- 
ence of the presence or absence of the phenomenon above the 
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horizon of the place has its iafluence ia both cases ; and even 
the refraction. By this it may happen that an eclipse of the 
moon may be visible even during the presence of the sun over 
(but near) the horizon of a place. When a solar eclipse appears 
annular at any place, it is evident that this indicates that the 
cone of the shadow of the moon does not reach that place : if, 
on the contrary, the eclipse appears total, the place is actual- 
ly within the cone of true shadow ; in the other, or partial 
eclipses of the sun, the place where the observation is made 
lies actually in the penumbra of the moon. These circum- 
stances show, that the cone of shadow has an approximate 
length, at a mean very near equal to, and varying more and 
less with, the distance of the moon from the earth. By these 
various combinations, the longest possible duration of a total 
eclipse has been found to be 7*"* 58'* , and the longest durg^n 
of an annular eclipse of 12"** 24'*. It is easy to see, that a 
case may occur such as to occasion an eclipse of the sun, seen 
at a certain place upon the surface of the earth, to be no 
more than a conjunction, as seen from the centre, and with- 
out an eclipse. 

By the effect of the motion of the moon's orbit, the eclipses 
of the sun and moon will return very nearly in the same ord^ 
in a period of 223 synodic revolutions of the moon } becauflp 
19 revolutions of the node coincide very near with this num-^' 
ber of revolutions, as 6585, 32, ^nd 6585 days 78, leaving 
only 0,46 of a day difference, consisting of 18 years 10 or 11 
d%ys, which period gives about 70 eclipses, namely, 29 lunar, 
and 41 solar eclipses. 

^ 105. In any use to be made of the observations of a solar 
eclipse, it is always necessary to reduce the result to the time, 
and to the other corresponding circumstances which it would 
present for the moment of conjunction, at the centre of the 
earth. Thus reduced, the observations made in different 
places become comparable, and furnish determined points, and 
fixed epochs, for the apparent relative motions of the sun and 
moon, from which their actual revolutions are calculated, and 
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ihas the tables of their motion and revolutions may be con- 
stantly improved. This conjunction happens at a certain 
absolute moment of time, which, as we observed already of 
the lunar eclipse, is registered, we may say, by every ob- 
server, in terms of the time shown at his own place, and tbis 
time is regulated, as we have seen, by the point which the 
place of observation occupies in the course of the daily ro- 
tation of the earth ; we are therefore enabled to determine 
in return, from this absolute moment, and the difference of 
time shewn at any two places of observation, their relative 
position in the rotation of the earth ; that is, their Difference 
of longitude, because the present perfection of astronomical 
tables admits these comparisons to be made with the greatest 
nicety. Since this perfection has been attained, solar eclip- 
seSrare the most accurate means of determining the longitude 
of places on earth. The distinctness of the limbs of the 
sun and moon, the velocity of the motion, the general ease 
with which these observations can be made, concur in assist- 
ing the observation, and increasing this accuracy. 

The great achievement of astronomy, the calculation and 
prediction of a solar eclipse, is one of the first signal services 
rendered to humanity by this science, by liberating man from 
the terror into which he was before thrown, on seeing his 
dDeity suddenly and unexpectedly taken away from him, and 
vanquished, as was imagined, by the monsters, his enemies. 
What state was left for man to expect if his god was conquered ? 
How different are now the feelings of civilized man on anx- 
iously awaiting the predicted second of time in which he ex-* 
pects the enjoyment of seeing his calculation verified, and 
his exertions rewarded, by the assent of the heavenly bodies 
to theories of his own creation f 

<^ 106. We may be allowed hereto step beyond the limits 
of what has hitherto been explained, to give a general idea 
of a phenomenon similar to the solar eclipse, called an Oc- 
cultaiion of a fixed star by the moon. We may suppose our 
reader acquainted with the existence of the fixed stars, as 
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points apparently steady, much more distant than the moon ; 
and the first contemplation of their number might even cause 
us to wonder that the event of the moon intercepting the 
view of the one or the other of these stars is not more fre- 
quent than it actually is. But among the many chances 
which the varied and winding course of the moon must oc- 
casion, it is evident that the phenomenon must occur, though 
the apparent diameter of the fixed star reduces the distance 
from the central position ol the moon, within which the phe- 
nomenon can take place, to the radius of the moon alone, 
and the effect of the parallax of the moon, when the whole 
disk of the earth presented to the phenomenon is considered. 
The phenomenon of the Occultaiion of a planet by the moon, 
is evidently among these chances, and the smallness of their 
apparent diameters render it very little different from the 
occultation of a fixed star. 

These phenomena are of course not limited to a certain 
position of the moon relative to its node ; in all other respect! 
they are similar, to solar eclipses in their calculation, if we 
were to suppose, in what has been said above, the sun.placed ^ 

freely in the path of the moon, without regard to the e<5lip- ^ 
ticj and without allowing it any diameter. The conjunction 
generally taking place at a greater distance from the plane 
of the ecliptic, alters only the proportional reduction to that^ 
plane, and the central conjunction in longitude. ^ 

These phenomena therefore furnish fixed points, and epochs 
of reference, for the moon's motion in relation to the fixed 
stars ; they may equally well be transferred to the moon's 
motion relative to the sun, as the results of the solar eclipses 
upon its relative motion, may be to that relating to the fix- 
ed stars. That they equally multiply the means of deter- 
mining the longitude of places on earth, is clear of itself, 
for the appearances being in this case again reduced from 
any place of observation on the earth's surface, to the line 
of the centres of the earth and moon, and its projection on the 
ecliptic, or what is the same thing, to its corresponding 
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latitude and longitude, the time corresponding to the cotk- 
junction of the moon with the circle of latitude passing 
through the star, ^ves an absolute moment of time, to which 
the special times of different points of observation corres- 
pond ; and the difference between'these is, as we know, their 
difference of longitude on earth. In respect to the perfec- 
tion of our knowledge of the moon's motions, these pheno- 
mena furnish of course very valuable results relative to the 
inclination and the various motions of the orbit, under va- 
riations of circumstances and positions which have peculiar 
value. 
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CHAPTER V. 



Of the Planets exterior to the Earth tn the Solar Syaiem, 



§ 107. Owjeaving the earth and^its satellite, the moon, 
to proceed to a greater distance from the sun, we meet, at 
about one and a half times the distance of the earth from the 
I gnn, the planet Mars, which performs its revolution around the 
I sun solitary, unaccompanied by any satellite. His apparent 
diameter must evidently be very variable, as we see him in hi« 
opposition to the sun at only one fifth the distance he was when 
near his superior conjunction ; in this last position, however, 
he is invisible to our present optical powers. This diameter, 
when Mars is in opposition, is 18",3 and jt diminishes to 
about 3". The mean diameter is about 9". 

His' real diameter is little more than half that of the 
earth, and his other dimensions proportional ; the mass ia 
only about the seventh, or eighth, part of that of the earth, 
while the density resulting from this is, from the first some- 
what more, and from the latter somewhat less than that of 
the earth. The first of these dimensions are the results of the 
latest calculations upon the perturbation occasionedia the 
revolutions of the earth by this planet, for the absence of a 
satellite deprives^us, as in the case of Venus, of the meana of 
direct determination. 

Mara distinguishes himself from the other planets by a leM 
brilliant light, of a redi^sh hue. According to the theory 
elucidated in speaking of the sun, we might consider thit u 
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a result of his less mass and greater density, which would 
endow him also with less proper heat and light ; at the same 
time his distance from the sun deprives him of the advantage 
of the denser light of the sun, which Venus and particularly 
Mercury, notwithstanding their small mass can reflect to us. 

^ 108. The day of Mars, or his rotation upon his axis, is 
nearly 40'' longer than a day of the earth, and the diameter 
being smaller the velocity of a point in the equator is much 
less than upon the earth, his ellipticity is assumed at yi^T- 

The inclination of the plane of his equator to that of his 
orbit being 28° 38', while that of the earth is less than 23^"^ 
the variation of the seasons upon Mars must be greater 
than upon the earth. 

Mtirs performing his revolution outside of the orbit of 
the earth, the visual ray from the latter can never make a 
tangent to his orbit^ therefore he can never present to us the 
variety of phases which the inferior planets do ; still we ob- 
serve some change in the appearances, as must necessarily 
follow from our proximity to him, and the different pbsitions 
in which we see him in relation to the sun. The dark part 
^ of Mars can never exceed the angle under which this planet 
Win see the earth in her greatest elongation, that is between 
41 and 42 degrees of the planet's circumference. This cir- 
cntnstance affects the apparent diameter of the planet; which, 
besides, presents itself under various inclinations, arising from 
the inclination of the orbits of the Earth and Mars ; and with 
this, the varied inclination of these towards the equator, in 
parallels on which all the heavenly bodies pass daily before 
us, concurs to render the determination of his diameter dif- 
ficult and complicated, except in his opposition to the sun, 
when we see him, of course, in full light. 

Observations with great magnifying powers, have dis- 
covered inequalities upon the surface of Mars, of considera- 
ble apparent magnitude, but generally speaking we are in 
considerable ignorance in relation to the more minute details 
<yf Us constitution. 
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^ 109. The four small planets of modern discovery, which 
are next met with after Mars in our solar system, Vesto^ JunOf 
Ceres and Pallas, have presented us with much novelty in 
their revolutions, arising from their great eccentricity, the 
great inclination of their orbits, and the particular manner in 
which they intersect each other, subjects of which we have 
spoken in the proper place. They exhibit to us apparent 
diameters so small, that our powers of vision, although so far 
increased beyond what was considered possible a century 
since, as to furnish the means of these discoveries, have not 
yet been able to inform us of any peculiarities they may pos- 
sess. 

For the same reason they appear by no means brilliant, 
but, like fixed stars of from 5th to 9th magnitude; it has not 
yet been possible to observe their rotations, still less any 
other peculiarities. The greatest apparent diameter of Juno 
is little more than 2'\ that of Ceres, 2",5, but that of Pallas 
may amount to 6",5, and Vesta, that appears the smallest, has 
not yet been determined. These determinations, however, 
indicate for Pallas, a real magnitude greater than that of 
Mars, being near two-thirds of that of the earth. Ceres 
presents^ sometimes, a nebulosity which exceeds her diameter- 
above 6'^ This is a phenon^on otherwise peculiar to comets 
alone* The proximity of the orbits of^lfese small planets 
to Jupiter, the largest planet of our system, occasion an in-( 
fluence of the latter upon their motions; and this is so much 
the greater, as the excess of his mass is greater, and so much 
more complicated as the respective positions of the orbits 
subject these to a greater variation of their distances. Thus, 
for instance, in the case of Pallas, four hundred corrections, 
or equations^ occur in calculating a position, among which is 
one depending on Jupiter, that amounts to one whole degree. 
Thence the discovery of these planets has given occasion for 
a considerable perfection in theformationof the astronomical 
theories. 

On the other hand, thcj^Murbations of the course of Ja- 
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pIter in his orbit, appeared so fully accounted for by the in- 
fldences of Saturn, Mars, and Earth, that no suspicion, ari- 
sing of any other influence, neither there was any suspicion 
of their existence then, nor has there been any influence upon 
the neighbouring orbits discovered since their discovery, 
though in principle this must exist, but be as yet below our 
power of accuracy in observation. 

But it may easily be conceived, tliat to observe particulars 
upon bodies presenting themselves under such small angles 
is attended with no small difficulties, as great magnifying 
powers of telescopes are required, which equally magnify 
the apparent motion, so much that it becomes very difficult 
to follow the planet in its course, with sufficient steadines to 
allow close and sharp observation ; the discovery of these 
details therefore appears to be reserved for the future im- 
provements of astronomy. We have, therefore, as yet no 
determination of masses, densities, or other such data, the 
discovery of which we can only hope from the close investi- 
gation of their mutual Influence in their respective revolutions. 

§ 110. Jupiter the next planet in our system, after the 
four small ones lately discovered, is the largest of them all ; 
tnd being accompanied by four satellites, or moons, presents 
us a whole system in itself. His greatest apparent diameter 
as seen from theear|b| is 44",5, the smallest 30'V while if we 
could see him at the same distance as the sun, he would ap- 
pear under an angle of 3' 06'',8. The sun, as seen from Ju- 
piter, subtends a mean angle of no more than &. 3'',5. From 
the sun he must appear under an angle of 36'',3, or more than 
double the angle subtended by the earth, notwithstanding the 
distance of Jupiter is more than five times as great. The 
volume of Jupiter is near 1281 times that of the earth, while 
the mass is only 309 times that of the earth ; this might 
again be considered as a strong proof, that in the celestial 
bodies, the heat is in proportion to the masses, and occasions 
an expansion of their mass, or diminution of density. This 
last is in Jupiter only between onlhquarter and one-third of 
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of that of the earth, and little more than that of the sun.-— 
He is also the most brilliant of all the planets ; which ap- 
pears to corroborate the general principles expressed on this 
subject in treating of the sun, for we may suppose, that this 
brilliancy, at so great a distance from the sun, where Jupiter 
receives only so small a cone of light from the sun as 36",3, 
may in part be due to the state of the planet itself. Perhaps, 
in order to weigh and compare all these effects with more ac- 
curacy, we should take into consideration the whole of the 
system of Jupiter, with his satellites, rather than the planet 
alone, for we are already shewn, by the example of the moon 
and the earth, which we have discussed at length in the pre- 
ceding chapter, that in all cases where any external influence 
upon such a system comes into consideration, the action is 
upon the whole mass of it, and in all mechanical effects, is 
referred to the centre of gravity of the system ; and, recip- 
rocally, the reaction is that of the system, as well in quantity 
as in relation to the point from which this action proceeds. 

^ 111. Jupiter has, of all the planets, the most rapid ro- 
tation upon his axis, the day being only 9** 66**- 34*-; he re- 
volves therefore near two and a half times while the earth 
revolves once; hence the velocity of a point in his equator 
becomes twenty-six times ^greater than that of one on the 
equator of the earth ; and it occ^ions fattening of the poles 
of tVt» o^ about* seventeen times sis gpPJealras that of the earth ; 
this velocity also occasions the fall of heavy bodies at his 
equator to be diminished by a one-ninth part of that at the 
poles. 

The plane of the equator of Jupiter is inclined to that of 
his orbit under an angle of 3° 6' 31"; the inequality of the 
seasons must therefore be very small, and each parallel of 
Jupiter must have almost a uniform season ; while the number 
of his satellites must vary and repeat the agreeable phenomena 
of the moon on earth, in manifold combinations, maintaining 
a constant illumination similar to our moonlight, and repeat- 
ing the phenomena of eclipses with considerable variety, 
16 
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both in relation to the sun, and in relation to these moons 
among each other. Similar to what we have observed in 
relation to the equator of the sun and the planetary orbits, 
the orbits of the satellites of Jupiter are about equally distri- 
buted on both sides of the orbit of the planet. 

The face itself of Jupiter presents most generally two, 
three, or even four belts of shade, nearly parallel to his eqaa<- 
tor ; but as they are not constant, and appear often to have a 
movement of their own, they are not considered as belonging^ 
to the body of the planet itself, but rather as an atmospheric 
phenomenon upon its surface, to which the rapid rotation of 
the planet may have a tendency to give this peculiar form 
in the appearance of belts as we see it : other speculations 
have concluded, from their variability, an unsettled state 
of the mass of Jupiter, and that it is still subject to some al- 
teration by the rapidity of his rotation. The same circum- 
stances, of the small density of Jupiter, and the necessarily 
still smaller density of his atmosphere, will not afford ns any 
opportunity to observe the refraction of his atmosphere, and 
we have as yet no traces that may direct us in this inquiry. 

§ 112. Since the earliest discovery of the telescope, we 
have become the spectators of the direct system of celestial 
bodies which Jupiter presents to ufj in imitation of the system 
of the planets, and have witnessed the details of the pheno- 
mena that must accompany it, viewed at a distance. Its 
movements take place in such a small space, and in periods 
80 short, that we are enabled to study the general principles 
the more easily, as its proportional distance is peculiarly fa- 
vourable, at least during a considerable part of the revolu- 
tion of Jupiter or the earth. 

The orbit of Jupiter being but little inclined to that of the 
earth, and as the orbits of these satellites do not deviate 
much from that of Jupiter, they present themselves to our 
view under the form of very elongated ellipses, approaching 
more nearly to a straight line, as the earth is nearer one of 
its nodes with the plane of Jupiter's equator. 



CHAPTER V. 123 

The principal facts in regard to the satellites of Jupiter, as 
well those relating to the elements of their orbits as to the 
satellites themselves, are collected under their proper heads in 
Table III., as far as their small appearance at our distance 
from them has hitherto enabled us to ascertain. The dif- 
ficulty, which it is easily seen a minute inquiry into these 
details must have, and the practical use which was immedi- 
ately made, after the discovery of these satellites, in the de- 
termination of longitude on earth, by the observations of 
their eclipses in the shadow of their primary, corresponding 
to our lunar eclipses^ have given to this inquiry a peculiar 
turn, and an interest which has lost much since the discovery 
of more accurate means for the determination of the lon- 
gitudes, but which the progress of the science, and more 
perfect optical means, will review upon a more scientifip 
basis. 

The satellites, in their revolutions, follow exactly the same 
laws and consequences of attraction as the primary planets ; 
therefore, what we have stated section 9, under the name of 
the Laws of Kepler, applies to them in full ; hence these 
orbits are elliptic; but the situation in which we can observe 
them is not very favorable for the observation of this ellipti- 
city, and therefore it has as yet been observed only in the or- 
bits of the two outer ones. 

§ 113. In Plate III. the left side' figure represents the 
8emi-circumferences of the system of Jupiter's satellites in its 
proper proportional magnitude, compared with the earth and 
the moon's orbit, also with the magnitude of the sun ; they are 
purposely thus united, in order to shew their several propor- 
tional magnitudes. I'he small innermost circle representing 
the earth, and the next Jupiter, the first satellite is very nearly 
at the same distance from Jupiter as the moon from the earth. 
The semi-circumference of the sun falls outside of the second* 
satellite, and only the orbits of the third and fourth are at a 
greater distance from Jupiter than the radius of the sun ; 
the finirth is distant about H diameters of the sun. Below 
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this figure will also be found a section perpendicular to the 
plane of the orbit, shewing the inclinations of the orbits and 
that of the axis of Jupiter, in a similar manner as Plate II. 
represents in the case of the primary planets of our solar sys- 
tem in general. Above the figure is placed the appearance of 
this system as it appears from the earth, when viewed under 
about the greatest inclination. 

The expression of the distance of the farthest satellite in 
the same unit as the distances of the planets from the sun, 
that is in the radius of the earth's orbit, which is found in the 
fourth column of Table III., is 0,0116, or hardly more 
than T^if of that distance. This shews that, for instance in 
our Plate I., where the radius of the earth's orbit is half an 
inch, this whole system would be represented on the same 
scale by five thousandth parts of an inch, or by a mere point. 

These satellites revolve with considerable rapidity in orbits 
of small inclination to the equator of Jupiter, which all lie 
between this equator and the orbit of Jupiter. 

As seen in Table III., the first satellite performs one re- 
volution around Jupiter in about one and three-quarter days, 
the second in about three and a half, the third in seven days 
and about four hours, and the fourth in about sixteen and 
three-quarter days ; the inclinatioa of the orbits to the equa- 
tor, as equated^ are of^^the Fi^t, - - - - • 6", 6 

Second, ----- 1' 6" 

Third, 6' 1",6 

Fourth ,----- 24' 4" 

^ 114. If the simplest case of the mutual influences of the 
attraction in a secondary system, which we have treated in 
the third chapter, of the earth and moon, has already shewn 
us a considerable complication of efiects, we certainly must 
expect still more in the case of the system of Jupiter, with 
four satellites so near to the great primary, that the nearest 
subtends an angle, or shews an apparent diameter, of about 
oue degree at Jupiter, while the sun itself appears only under 
an angle of six minutes, that such a system must present 
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a great complication in the results of their mutual attrac* 
tion, and, we might say, in some measure assimilate the orbits 
mutually to each other, under considerable oscillaiions. In- 
deed the Investigation of this theory requires thirty-one dif- 
ferent arbitrary quantities to be determined by successive sup- 
positions, and approaches to truth } which is so much more 
difficult, as they represent to our observation only minute 
quantities, from which to deduce them leaves a considerable 
chance ; as yet, they are sensible to us only by the retarda- 
tion or acceleration of the eclipses. The simple statement 
of a few general results may suffice. 

The inclinations of the planes of the orbits are not exactly 
constant, as we have already seen in the case of the moon, 
and they partake of the motion of the nodes of the equator 
of Jupiter, in his orbit, besides periodic variations, exactly 
as we have seen in the moon's orbit and that of our equator. 
To determine these quantities by observation is a matter of 
great nicety, or it may rather be considered as within the 
reach of theory alone. 

The third and fourth satellites have two equations of the 
centre, the one depending upon the influence of the satellites 
upon each other, and the other on that of the planet. In 
the mean motions of the satellites, the following peculiarities 
are observed, viz : the time of the mean motion of the first 
satellite, and twice the time of the meail motion of the third, 
are together equal to three times the mean motion of the se- 
cond. The mean longitude of th^ first satellite, and twice 
the mean motion of the third, less, three times of the second, 
gives always two right angles. These relations are always 
rigorously true, and a mathematical consequence of the mu- 
tual influence of the four orbits upon each other ; so that even 
the variations of long periods, which th^se orbits have like 
that of the moon, are subject to them. 

^he inequalities of the fourth satellite are as follows ; that 
like the annual equation, depending on its mean anomaly, 
amounts lo 1' 53"y3 ; that similar to the Eveeiion amounts to 
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21",69; and that similar to the Variaiim^ to 4'',21; in their 
greatest values. 

<^ 115. The revolutions of these four satellites arouHd 
Jupiter, must evidently occasion the occurrence of pheno- 
mena analagous to what we have mentioned in the last 
chapter, as eclipses of the sun and moon at the earth ; they 
occur so much the more frequently, as the body of Jupiter b 
greater, and the satellites are not only more numerous, bnt 
perform more rapid revolutions around it, in orbits but 
little inclined to that of their primary planet. At Jupiter, 
therefore, these phenomena must be of daily occurrence, 
imder either the one or the other of the above forms ; and op- 
portunities for determining the longitude of places upon Ju- 
piter's surface, by their means, must consequently be more 
numerous also, and more susceptible of accuracy. 

To us, spectators from the earth, the observation of the 
passage of a satellite through the cone of the shadow of Ju- 
piter, corresponding to our lunar eclipse, has been for a long 
time one of the most accurate means for the same purpose \ 
it presents an instantaneous phenomenon, registered, as we 
have seen above, under different apparent times in difierent 
meridians, which has the advantage of not being under the 
influence of any parallax, as by Table II. line 26 and 27, 
that for Jupiter never exceeds 2" in the arc, a quantity 
which, in this case, is entirely without influence ; that it must 
be affected by the power of vision, that is, the good qualitj 
of the telescopes, and the state of the atmosphere, will appear 
from the simple reflection, that the gradual obscuration of 
the satellite, like that of the moon in its eclipses, will permit it 
to be seen longer by a greater power, when it is immeraed 
in the cone of shadow, and earlier again when it goes out of 
it, or at what is called the Emersion. They are still of con- 
siderable interest, not only on this account, but in a ge- 
neral point of view. 

^ 1 16. Plate V. figures 6 and 7 give the general represen- 
tation of the circumstances of these phenomena, the first as 
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referred to the plane of Jupiter's orbit, or equator, or the 
planes of the revolution of the satellites, which, for this pur- 
pose it isnot necesary to distinguish particularly ; the latter to 
a plane perpendicular to this. The cone of shadow of Jupiter 
is of course always in a direction opposite to the sun, and is 
determined by the proportional magnitude of the sun and of 
Jupiter; it extends, in consequence, to about forty-seven times 
the distance of the fourth, or outermost satellite ; the angle of 
its vertex is only 6' 37 ",5. The position of the satellite, in 
relation to this cone, in respect to its distance from the pri- 
mary planet, and from the central line of the cone, evidently 
determines both the certainty and the duration of the eclipse^ 
in conjunction with the velocity of the satellite in its revolu- 
tion, and to the spectator on earth ; it is also affected by the 
individual influences remarked in the preceding section. — 
As in the eclipses of the sun and moon upon earth, the 4fe 
latitude of the satellite, at the time of this passage, deter- 
mines the chord of the circular section of the cone through 
which it will pass; the small inclination of the satellites to 
the orbit of Jupiter, and its considerable diameter, occasion ii^ 
that the two inner satellites, that is, the first and second, can 
never pass without being eclipsed ; this has been indicated in 
figure 7, by the strong perpendicular line drawn in the shadow 
at the distances of these orbits ; similar lines drawn at the 
distances of the third and fourth satellite^ shew that the efiect 
of the inclination of their orbits may bring them in the ex- 
treme position of their latitude to pass without being eclipsed ; 
and from this to the longest passage through the centre of 
the cone, all intermediate variations may take place, so that 
these two satellites, and particularly the fourth, has been ob- 
served to disappear only for a moment, or even only to be« 
come faint for one observer, while another did not lose 
sight of it ; notwithstanding this, a mean duration, rather 
referring to the proportional velocity of the satellites in their 
orbit, and th^ diameter of the cone of shadow, has been ad- 
mined as follows : 
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/ A. fit* Mm 

For ihe First Satellite, 1 7 62. 

Second, 126 3. 

Third, 1 46 50. 

Fourth, 2 22 55. 

% 117. In describing the synodic revolution of Jupiter, 
we have seen that near his superior passage, that is, when he 
appears to us on the same side as the sun, he becomes invisi- 
ble, except with peculiar means, and under peculiar circum* 
stances. For the same reason, the satellites and their eclipses 
must be invisible to us; the same must be the case when near 
the opposition of Jupiter, the cone of his shadow is hid from 
us behind the body of the planet. The more minute details 
Will be evident from Plate V., figure 6. The angle through 
the centre of Jupiter, on both sides of the axis of his cone 
of shadow, being made equal to that which we find in Tablb 
v., as the greatest elongation of the earth from Jupiter, vis : 
about 11° 5*, and parallels to these lines being drawn 
touching the circumference of Jupiter, these will cut the cone 
of Jupiter's shadow and the orbits of the satellites, in such 
places as to shew the general conditions of the visibility 
of these eclipses. The part of the earth's orbit which falls 
in the cone of light between the Sun and Jupiter, which is the 
prolongation of the cone of Jupiter's shadow, is 26' 2" on each 
side of the axis of this cone, or the point of the opposition o( 
Jupiter, and in this, therefore, the respective situatioh of the 
planets excludes the visibility of any eclipses. Within these 
two limits and their corresponding equal angles on the op- 
posite side of Jupiter, the eflect of the position of the earth 
upon the visibility of that part of the orbit of each satellite 
lying in the shadow, will easily be seen from the figure; for it 
is evident that the appearances will correspond to the an^le 
which the visual line of the observer from the earth makes 
with the cone of Jupiter's shadow ; the eflect of this angle 
must of course be difierent for the difierent satellites, and 
this difierence, as well as the details of the general pheno- 
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aienbn of each, will depend on the proportion of this stngk 
and the angle under which Jupiter appears to the satellite. 

The Earth, and Jupiter with his satellites, performing their 
revolutions in the same direction, when the earth, in her 
course, is ^proaching to Jupiter, and therefore towards the 
above-mentioned cone of light, as appears in the figure frent 
the lower side, the entering of the satellites into the cone of 
shadow from the same side, will be observable by us; this 
motion of the earth corresponds in appearance to Jupi- 
ter's approach to his opposition, thence it is stated in as- 
tronomy, that, before the opposition^ we see the Immersion of 
the satellites. The part of the earth's orbit within the com 
of light, is passed by the earth in less than sixteen hours ; 
after which the appearances change, the earth again re- 
ceding from Jupiter, as in the figure, in the part above the 
cone of light ; the other side of the shadow is now visiblci 
which presents the re-appearances of the satellites; Jupiter 
appears to go again from opposition towards conjunctioni 
and we say, from the opposition to the conjunction of Jupiter, 
we see the Emersions of the satellites. The intersections of 
the lines drawn tangent to Jupiter and the earth's orbit, with 
the sides of the cona of his shadow, show immediately, that, 
speaking in general terms of the first and second satellitei 
we can never see both the Immersion and the Emersion of 
the same eclipse; for, before the opposition^ the body of Jupiter 
will hide the Emersion^ and, after the opposition^ it will hide 
the hnmersion^ as is indicated in the figure by the tangential 
lines catting the respective opposite sides of the cone of 
shadow outside of the orbit of these two satellites. We may 
see both the immersion and emersion of the same eclipse 
of the two outer satellites, the third and fourth, when the 
earth is in a part of its orbit sufficiently distant from the cone 
of light and shadow, which we see decides so much of the 
appearances of these phenomena. These may even appear 
to take place at some distance from Jupiter, as follows from 
tilt larger range of the orbit of the fourth satellite, inters 
17 
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tecled by the angle of the tangents and the sides of the^iMM 
of shadow. 

The numerical valae of these angles depends on the grca^ 
est elongation of the earth as seen from Jupiler, and the ao^k 
wUch he subtends for each of the satellites; and is easily as* 
certained from Table III. The first satellite seeing Japitmr 
ander an angle of 19° 54', does not, even io the extrema 
elongation of the earth of ll"" d\ admit of our seeing both 
sides of the cone of shadow at its orbit; the second, s eein g 
Jupiter under an angle of 12'^ 58', is in the same case ; the 
third, from which Jupiter subtends an angle of 7^ 55% atill 
leaves an angle equal to the excess of this, above 11^ 5% 
within which, counted from the point of greatest elongation^ 
both emersion and immersion of the same eclipse will be ▼!- 
sible from the earth ; for the fourth satellite, whence Jupiter 
subtends an angle of no more than 4° 30', this angle leavea 
an excess of 6° 35', which evidently includes a part of tike 
orbit so much, the greater, as it is doubled by applying it to 
both sides from the point of greatest elongation, and as the 
motion of the earth is very much inclined towards its direo* 
tion. 

As we have always taken the full diaeieter of the section 
of the cone of Jupiter's shadow, as the object of comparisao 
in these determinations, it will easily be conceived that th 
quantities are affected by the jovicentric latitude of the 
tellite, at the time of its transit through the shadow ; tlum 
also affects the duration of the eclipses themselves, and tbcrv 
vary more in the case of the third and fourth satellite tK^ n 
in that of the second, of which latter, it is so very rare ta aee 
both immersion and emersion, that it is never calculated^ 
and is considered, in our present state of information, aa 
merely accidental. 

^118. We have seen that the theory of the motions or tfae 
satellites of Jupiter is complicated, and that it requirea a 
number of data to be determined from observation, whidi the 
sipaU apparent magnitude they present to us readers diflirnlr 
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todetermiae; and all this appears to be inchided within mi 
mgle of only 16' 32'', which is all that the system of Jupiter ; 
subtends at the earth. All, therefore, that we pan say of. 
the eclipses of Jupiter^s satellites has not that degree of ac- 
curacy which so many other parts of astronomy have obtain- 
ed ; still, in consequence of the use of these investigations ui 
determining the times of the occurrence ef eclipses, the deter-i 
niination of their epochs has much engrossed the attention of 
af tronomers : the observations besides depend so much on the 
optical means employed in them, that they are not compar* 
able with satisfaction. 

However, an attentive observation of these eclipses has led* 
to the discovery of a law in nature unsuspected before, and., 
the effect of which had perplexed accurate observers in 
oither branches of astronomy. The disagreements of the pre- 
vious calculations with the actual observations showed a re- 
gular variation, increasing with the distance of Jupiter from 
the earth; this distance may evidently vary the whole diar 
meter of the earth's orbit, that is between 4 and 6, nearly^ 
The propagation of light had been considered as instan- 
taneous for any distance, because its propagation through the 
short distances we can observe it on earth is not perceptble* 
Oo the contrary, applying to it the principles of all mechani- 
cal effects, that of succession and time needed to perform i^ 
the inequalities showed themselves capable of computation by 
ascribing to light such a velocity as would enable it to paai 
the diameter of the earth's orbit in 16*^ 14'* of time. The 
same result was almost simultaneously obtained from a dis- 
crepancy in the observations of the fixed stars, which produ- 
cesa change of their apparent position, in a direction parallel 
te the ecliptic, of 40i", in the extreme of two opposite positions 
c[ the earth in her orbit ; or of 20",25, for the maximum of 
redaction to the centre of the orbit or the sun; this last 
pbmomenon is called the Aberration of light. The discovery 
of diese two phenomena of light concurred in giving to it 
»«eloeity of 10313 times as great as that of the earth in its 
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orbit. The influence of the progressive motion of light |p 
1km therefore well ascertained, and we shall have to speak of 
it* in another place. 

§ 119. The satellites of Jupiter are small in propor- 
tion to their primary, though they are larger than the moon, 
and some at a considerable distance from him, the farthest 
one in particular ; hence, the phenomena which at Jupiter will 
produce an eclipse of the sun, by the passage of one or the 
other of the satellites before him, so as to hide it partially 

m 

or totally from some point on the surface of Jupiter, thongh 
more frequent than the preceding ones, must remain unno- 
ticed by us, with our present optical powers ; for it is evident 
that they can present to us only a dark spot of very small 
size, or a mere penumbra upon the illuminated disk of Jo- 
piter, of uncertain observation ; it may, however, be reserved 
for posterity to become spectators of this phenomenon also. 

Besides these phenomena, corresponding to our solar and 
lunar eclipses, Jupiter must still have those of the eclipses of 
his different moons by each other, which of course must be in- 
visible to us. The occultations of fixed stars by the moons, 
must likewise evidently be more numerous ; and the effect of 
the parallaxes of these moons, which are evidently the ha]f of 
the apparent diameters of Jupiter, from each satellite, as given 
above, must introduce in these phenomena a still greater 
variation, in relation to the different localities, than that we 
observe upoti earth ; the same circumstances will also occa- 
sion the occultations of planets by one of the moons to be 
more frequent at one place than at another of the surface of 
Jupiter. 

^ 120. Jupiter, with his satellites, exhibits to us a central 
body of considerable magnitude with smaller ones revolving 
around it ; it therefore presents phenomena corresponding to 
those we have described above of Mercury and Venus in rela- 
tion to the sun, namely, transits of the satellites before 
their primary planet, as seen from the position of the earth ; 
over this also the pisissage of the sdtellites, in what we mi^hl 



CMAPTEB r. 



19S 



tall their saperior conjunction in relation to the earth, that 
is, when any one of them passes apparently behind the body 
of Jupiter itself, is visible to us ; however the light of Jupiter 
11^ sufficiently strong to obliterate that of the satellite on its 
approach to the limb of the primary, so that these observa- 
tions are but seldom very successful. ^. 

The time of any one of these phenomena, for any part of 
the earth may be considered as the same, because the paral- 
lax which, as we see Table II. line 26 and 27, is only be- : 
tween one and two seconds for Jupiter, may be considered as 
the same for the satellites, and is in this respect entirely 
without influence. A more cultivated theory of these satel- 
lites, and a still greater perfection in our optical means, which j 
are both constantly in progress, give us reason to hope that 
all these phenomena will again become useful in the determi-. 
nation of the longitude of places upon earth. Now the ob- 
servation still requires that the optical means employed by the 
observers should be equal, to render the observations compa- 
rable with a degree of accuracy any thing like corresponding 
to that of other observations of the same kin^l. 

^ 121. Saturn^ the next planet in our system as we recede 
from the sun, presents us with a system much more exten- 
sive than Jupiter ; as he has seven satellites j and, moreover, 
presents us with a peculiarity entirely unique in the solar syK- 
tem, and an instance of the only form different from the 
spheroidic, in which matter free in space, subject to a revolu- 
tion in. a curve, and a rotatory movement upon an internal 
axis, can be in a state of equilibrium ) namely, aflat circular 
ringf of small thickness, with breadth and extent appropriate 
to the mass. With all this train, Saturn performs his re- 
volutions around the sun in the manner described in the first 
part of this book. 

The disk itself of Saturn presents us some inequalities of 
shade and light, similar to all celestial bodies whose diame^- 
ters we are able to observe ; but the great distance of the 
planet rendering them rather faint, they have nothing par* 
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tkularly remarkable. In his greatest proximity to the Mrcb^ 
he is always more than four diameters of the earth's orbit 
from us ; notwithstanding this, he appears with a light next 
in brilliancy to Jupiter. The apparent diameter of Satura 
varies between 16",3 and 20'', 12; seen at the distance of the 
son, it would subtend an angle of 2' 52", or aboat ^\ of tbmt 
of the sun. The sun will appear to him under aa angle 
of about 3^ minutes ; and to an observer in the sun he ^U 
appear, notwithstanding his ninefold distance, under a gresA- 
er angle than the earth, namely, little less than 18^'; Ug 
reardiameter being nearly ten times that of the earth, all tbe 
other dimensions dependant on this follow, as in Table H^ 
luie 6 to 11. The mass which the most modem detenaina*- 
tioDs give, of 115 times that of the earth, has long been cod* 
•idered as about 93 times that of the earth, and gives to S*» 
tarn a density of about i that of the earth, as seen Tabim 
IL line 12 to 15. 

The revolution of Saturn upon bis axis, under an incline* 
tiofl to its orbit, of 2P 36' 27", takes place in about 10^ 
32'^ being, afler Jupiter, the most rapid of all. The time of 
the revolution of his ring being sensibly the same, we may 
consider this ring as belonging to the planet itself, or at least 
at mechanically acting with it. The distance of the rin^ 
from the surface of Saturn is little more than the third part 
of the diameter of this planet ; the breadth is about equal 
toibe radius of the planet ; more accurately, the outer di*- 
aaeter of the ring appears at a mean distance 38'',3, itm 
breadth of it 5'',7, and it lies nearly in the plane of the Eq«». 
tor ; thence it must act in augmentation of the flattening ef 
Saturn, whether we consider it as making a part of his maas^ 
or as exerting an estraneous attraction in the plane of tbm 
equator ; we, in consequence, find this planet to have ttm 
greateftt ellipticity or flattening at the poles of all, anMHmt- 
ing Id about/', of the radius. 

' ^ 122. Some inequalities discovered in the ring of SaCUVfty 
lispigiivin the means ibr the diterminatiQtt of its vevolettoDy 
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and, accordiDg to general principles, it may be expected to 
consist of parts like all the planets, the form of which in the 
nearer details must be determined by their gravity, and the 
facility of yielding mutually to each other, under the addi- 
tional influence of the great centrifugal force, naturally crea- 
ted by the velocity of the rotation, and the free action of it 
apoB a surface nearly parallel to its direction. With strong 
optical powers, this ring is found to consist of two concentrio 
rings, a distinct dark line being discovered all around, nearly 
in the middle of its breadth. By the comhinadon of the in^ 
.dinadon of Saturn's ring to the orbit of the planet, and of 
this to the orbit of the earth, the ellipse which it presents to 
la becomes more or less^ elongated,' md somedmes even pro* 
septs to us no more than the edge, in which case it becomes 
locally invisible, with our present common powers of vision,^ 
notwithstanding the thickness of the ring is esteemed about 
equal to the diameter of the earth. By the. same change of 
position, the two sides of the ring are illuminated alternately, 
and we may, in consequence of this, again lose sight of tho 
rii^, by our viewing it from the dark side, when it will pre* 
sent itself merely as a dark belt over the planet, or also when 
only the edge of the ring being illuminated by the sun, out 
opdcal powers do not suffice to discover it ; that is, when thf 
protracted plane of the ring passes through the sun, whiob 
happens at 5' 20"" 53', and 11' 20"" 53'; then again the dark 
part shows upon the body of Saturn like a shadowy shortly 
before and after that phenomenon, we also see the actual 
shadow of the ring upon the planet. The northern surface 
of the ring will be illuminated while Saturn is between 5* 
SO"" 53' and 11' SO^ 53' of his heliocentric longitude, and on 
the southern side when the planet is in the opposite part of 
bis orbit. The ascendiqg node of the ring was, in 1801, hi 
V 17^ 30', and it has a motion in the order of the sigos,-^ 
Tbe most advantageous views, or the invisibility of the ringi 
akemale in the present times as follows, yix : 
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1825^ in November, south side best illaminated^ 

1833, in April, ring invisible. 

1838y in July, north side best illuminated. 

1847, in December, ring invisible. 

1855, in April, south side best illuminated. 

^ 123. We know nothing positive in respect to the atmos^ 
phere of Saturn ; very minute observations have of course 
great difficulties at that great distance, but we cannot refuse 
to ascribe one to him from analogy to the earth and other 
planets, and from the general principles ; the peculiarity of 
having a ring, must occasion peculiar modifications in this 
respect, as we would expect to take place at the earth, if we 
. were to suppose a similar ring to surrouud us, at little more 
than one diameter of the earth from its centre; for according^ 
^to Table III., it will be observed, that its distance is only 
1,166 diameters of Saturn, or 12| diameters of the earth.— 
From this ring, the diameter of Saturn subtending an angle 
of more than 46°, it is evident that the appearance of this 
planet, always 23° above the horizon of the ring, on either 
side, must present a spectacle entirely different from any 
which the astronomy of the earth presents to us. If we 
might venture into the field of speculation in relation to the 
possible improvements of the state of the intellectual inhabi- 
tants of Saturn, we might dare to promise to them, from the 
invention of aerostats, the advantage and pleasure of a 
communication between the ring and the primary planet— -« 
thing impossible between two spheric and distinct celestial 
bodies, having separate spheres of attraction ; a peculiar mo- 
dification of the atmosphere of the planet between the ring, 
comparatively to that on the other part of the planet, must of 
course exist, under the influence of this combined attractioo* 
The radius of the earth's orbit subtending an angle of only 
about 6^ at Saturn's orbit, and this angle, as we have seen 
above, being equal to the part of the apparent disk, or th^ 
angle at the centre of the planet, which we might, in the ex* 
treme case see in darkness, we are not able to distinguish any 
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change, or what is usually called phase, of the planet. But 
the great variation of the aspect of its flattening, joined to 
the variable Inclination of the polar axis towards us, of up- 
wards of 30° on each side, produces a greater and very ob- 
servable change of his disk, and we see it in full only when 
we are in the protracted plane of its equator. 

^ 124. In Plate III. the figures at the right side show 
the system of Saturn, together with that of Uranus, in their 
comparative magnitude with the sun, the upper figure pre- 
senting the aspect of the system from the earth, under the 
most favourable inclination, the lower figure containing a 
semi-circumference of the sun upon half the scale of that of 
the figure for tlie system of Jupiter and the earth, it has also 
the two planets and Saturn's ring for the central figures, as the 
Other has Jupiter and the earth. The section perpendicular^ 
to this plane, generally taken for that of the satellites, is re- 
presented by the several lines passing through the planet, 
denoting the orbits of the satellites, under their proper incli- 
nation, together with the section of the ring on each side. 

^ 125. Saturn has seven satellites ; their whole system sub- 
tends to our view an angle of no more than 17', 25'', and its 
extreme radius is only 0,0242 of that of the earth } these 
satellites appear to us under an angle of less than one second, 
though in reality they must be larger than the moon, in . 
order to become visible at the great distance which we are 
from them ; being, therefore, observable only with the best 
optical means, there is no probability of their furnishing us 
means of practical applications like those of Jupiter, by their 
eclipses. While Jupiter's satellites were discovered almost 
as soon as telescopes themselves, the discovery of those 
of Saturn is of a much later date^ and due to a very ad- 
vanced state of improvement. Their proportional distances 
and time^ of revolution, are as yet all that we know of them ; 
the former are represented in Plate III. in the figures above 
quoted, and the latter are apparent from Table III. under 

their proper heads ; they vary from about 22^ hours, for the 

18 
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uuerinost satellite, to 79^ datys, for the seventh or outejrnioaC 
one. The six first satellites lie nearly in the same plane with 
the ring. It is supposed, both from their appearances, and 
their analogy to the moon, that they always turn the same 
side towards their primary planet. In like manner, the laws 
discovered by Kepler, to which we know that the satellites 
as well as the primary planets are subject, render it certvn 
that their orbits are elliptic, and not circular ; still we have 
as yet only a determination of the ellipticity of the orbit of 
the sixth satellite of 0,048876, as seen in Tablb II. The pro- 
bable smallness of the ellipticity of the inner satellites, the 
inclination under which we see their orbits, and their ^eat 
distance, all concur in rendering this determination (UfficuU* 

Theoretical investigations have shown that here, as in 
^the case of the satellites of Jupiter, a constant mean plane 
exists, having the node of the equator of the planet and 
the satellites constant. This has generally been found a 
phenomenon coinciding the more accurately with observa- 
tion, as the distances of the satellites were smaller ; similar 
investigations also show, that the orbits of the satellites are 
the more inclined, as they are more distant from their pri- 
mary. 

^ 126. These satellites must of course present the same 
phenomena of Eclipses of the sun and moons to their primary 
planet, as we have seen occurring in the case of the earth 
and Jupiter ; they will also exhibit to us phenomena similar 
to the eclipses of Jupiter's satellites in the cone of the sha- 
dow of their primary ; but they must evidently be much less 
frequent than in the case of Jupiter, on account of the great 
inclination of the orbits, .which must limit their occurrence to 
the time of the passages happening very near the nodes as in 
the case of the moon and the earth. Besides, the greatest dlf 
gression of the Earth from the Sun as seen from Saturn, is 
only about 6^, as given in Table V.; hence, these phenomena 
must take place for the greatest part of the time without he^ 
uig idsiible to us ; and in all casesi the eclipses of the satellita 
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must appear to happen so near to the body of Saturn as to be 
iinobservable, on account of his preponderating light. The 
cone of the shadow of Saturn will extend as far as about 38,6 
times the distance of the farthest or seventh satellite, or 4578 
diameters of the earth, the angle of the vertex of the cone 
will be only 17f seconds. We seldom see even the shadow 
of Saturn upon the ring, for the same reason, of our too 
small deviation from the straight line between the Sun and 
Saturn. For the planet itself, this ring must occasion Uie 
most peculiar phenomena, by the constant and slowly mo* 
ving shadow which it constantly maintains upon some part 
of the planet, and the changing appearance or disappear^ 
afice of the satellites behind it, as seen from the one or the 
other. hemisphere of the planet. 

^ 127. Uranus J the farthest planet of our solar systeil% 
although his diameter is more than four times that of the earth, 
appears to the naked eye as a star of the fifth magnitude^ 
He^ in consequence, continued for more than a century after 
the discovery of the Telescope unknown to us. This arbsti 
from these instruments being yet too feeble to enable ob*' 
servers to detect an actual determined disk, which could have 
called the attention of astronomers to his motion. His dis- 
tance from the Sun is nineteen radii of the Earth's orbits, 
and, therefore, his distance from the Earth varies no more 
than i of the mean* This, joined to his small apparent <£•' 
ameter, makes the variation in his visible magnitude hardly 
sensible. He appears to subtend the angles of 4'',1 and 3"jT 
in the two extreme distances ; at the distance of the sun, he 
would appear to us under an angle of 1' ]4",5, and he sees 
the sun nearly under the same angle, namely 1' IB^'fi ; thdf 
angle which he subtends from the sun is, of course, nearly i, 
mean of the two extremes of his appearance from the eartih', 
or 3'',84. As the earth always subtends an angle of less thaii 
1" at this planet, or what is the same thing, the parallax Val- 
rying only between 0",47 and 0",42, it was so much easier for 
us to consider it as a fixed star, while for him the «art6 
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dwindles to about the same diminutive angle under which 
see the satellites of Jupiter and Saturn. The latest deter* 
mination of the mass of Uranus, gives him 22,65 times the 
mass of the earth, it was before generally received as about 
17 times ; the density becomes by it nearly ^^ of that of the 
earth, and the specific gravity of course proportional, both 
being little more than that of the sun, notwithstanding the 
planet is rather one of the smaller; but it must be observed, that 
all data referring to these minutia of this planet may yet ve- 
ceive considerable variations from longer-continued observa- 
tions. The other details may easily be followed in Table H. 
The line of his rotation has not yet been determined directly, 
because at his great distance, within such a small angle as he 
subtends to us, the observation of any spot becomes nearly 
Impossible ; but if we are authorised to conclude by analogy 
from the other planets, that the plane of the equator of Uranus 
and that of the orbits of the Satellites are not much inclined to 
^ach other, and that the axis of his poles remains approximately 
parallel to itself during the whole revolution, this axis would 
only make an angle of about half a degree, and therefore the 
variations of the seasons be of such immense difference from 
ourS| as we might easily conclude by supposing that the 
neighbourhood of our poles of the earth» instead of bein^ 
deprived of the sun only for about from three to six months, 
were so for the same number of years. The Torrid Zone is 
only about 1^ in breadth, and the position of it changes 
from a direct exposure to the sun to that of having the sun 
only under a small angle over the horizon during a number 
of revolutions, a phenomenon which we know to be peculiar 
to the neighbourhood of our polar circles ; every part 
of Uranus would see or lose the sun for more than one 
rotation, or as we would say in usual language on earth 
would have days or nights of more than once twenty-four 
hours. 

. ^ 128. Accordmg to the latest accounts, Uranus hns seven 
fffteUitesp but we have as yet only the orbits of six determined^ 
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the known elements and data of which are calculated under 
their proper head, in Table III. The determinations which 
we have in respect to these, are still principally due to the 
discoverer of the planet himself, namely, Herschel ; the 
second and fourth however have been more accurately deter- 
mined by 6ther astronomers. The radius of the whole 
system of these six satellites is about ■g\ of that of the earth's 
orbit, and it subtends to 'us an angle of only about five and 
three-quarter minutes. Its magnitude, compared with the 
sun and the system of Saturn, is elucidated by the figure on 
Plate III. The great inclination of the orbits of these sa- 
tellites of 89° 30' to the plane of the orbit of Uranus, forms 
their most remarkable feature, while the greatest inclination 
of those of other planets, namely those of Saturn, amounts 
only to about 25°. These orbits, we know from theory, ^ 
must be elliptic ; but as yet only the eccentricity of the sixth 
has been attempted to be stated at 7^79 which would be by 
far the greatest that we know of. 

The eclipses of these satellites, or the solar eclipses which 
they must occasion upon their primary planet, must have the 
peculiarity of being confined to two certain epochs in oppo" 
site parts of the year, while, in the other parts of it, they 
most be entirely impossible. 

We have still, in the present state of our knowledge of this 
planet and his satellites, much to desire, and, as there is every 
reason to hope, also to expect^ from the future improvements 
in astronomy, particularly the daily improving art of increasr 
ing our optical power, by which we may be enabled to pene- 
trate into the details yet remaining undistinguishable by us at 
snob great distances. 
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CHAPTER VI. 



Of the Comets. 



^ 129. As we propose to treat in this third part princi- 
pally of the more minute details and physical constitution of 
the celestial bodies, this chapter upon the comets cannot 
afford as satisfactory results as we have been enabled to 
present in the preceding chapters. Our knowledge of the 
comets is still limited almost entirely to that of their courtei 
and the elements of their orbits. Both these appear very 
variable, and have been already treated of in the foortb 
chapter of the first part ; observations upon their physical 
nature must of course be very imperfect, on account of the 
short time during which they are visible to us, and the pim- 
erful optical means which they require. 

We may suspect, from what has been seen of them in g»* 
neral, that those comets that appear the most brilliant, an 
not those that would in reality be the most important ; since 
comets apparently small have been discovered, whose orbits 
being more closely connected with our planetary system, wb 
may suppose them also in their mass, density, and natars 
nearer to the planets ; however, their mass, concluded from 
their want of influence upon the orbits of the neighbouring 
planets, is inconsiderable. 

Their appearance as mere masses of light, and transparent, 
as we know light to be, may in future times instruct us as to 
the nature of light itself. Their permanency, now averred 
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by the accurately known orbits of a certain number, and the 
certainty of their return within our view, in bringing them 
under the regular action of the attraction of the sun, and 
consequently also of the planets, (the last of which has been 
calculated in various remarkable instances,) has not yet pre- 
sented us any reaction on their part 5 their mass, therefi>rcvBS 
exceedingly small ; thus, for instance, in the comet of 1770, 
the attraction of Jupiter in the neighbourhood of which it 
must have passed in 1767, altered its orbit so materiiflly as 
not to make it appear the same comet; while on the contrary^ 
notwithstanding it came the nearest of any comet to the 
earth, its attraction upon us was entirely insensible. Under 
the supposition of an equality in the mass of the two bodies, 
according to the laws of attraction, the effect of the comet 
upon the earth would have been an increase of the sideral ^ 
revolution of the earth of 1 j- day ; observations and the 
solar tables, however, concur in proving that no alteration has 
taken place amounting to as much as two seconds in time, 
which reduces the possible supposition of the mass of the 
comet below ^-V'o ^^ that of the earth. If then, notwithstand- 
ing the large diameters under which comets are occasionally 
seen, their mass is inappreciable, it must be impossible for us 
to determine their densities. 

The phyrical constitution of the comets thus appears to 
constitute in the great scale of the universe a link betweeft 
the solid masses of matter and the ethereal or aeriform, and 
this as subject to universal gravitation as we find all that we can* 
call matter on our globe. But our imagination, closely bound 
to material subjects in nature, furnishes us with no type upon 
which we might imagine animated beings to people the 
comets, and to enjoy the spectacle of the varied scenery in 
what we might call a voyage through our solar system. 

The most remarkable Comets which struck the ancients, 
before they were considered as subjects of astronomy, while 
the s^parently smaller and, in astronomy, more interesting 
^nm remained still unobserved, are often aceompamed by a 
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laminous train, which occasioned the denomination of comett, 
or stellse comatae, being given to these celestial bodies, 
from the appearance which they presented. It was formerly 
supposed that this phenomenon only occurred on their going 
away again from the proximity of the sun, but this has been 
foiind as little constant as any of the other details accompa- 
nying their phenomena ; this appearance, usually denominated 
the tail, often extends through such an immense space as to 
subterfilto our view an angle of 20°, or 50°, and its appear- 
ance is usually under a constant succession of changes. This 
train is often double, or even triple, variously inclined and 
curved. We have, however, so little that is interesting to say 
of its nature, or of the causes for its shape, that the inquiry 
appears to appertain rather to the Physics, than to the Me- 
chanicsof the heavens. 

^ 130. Old established superstitions, prejudices, prover- 
bial expressions, and old sayings, or figurative expressions, 
have most generally their origin in some fact, or accidental 
coincidence of circumstances, which made a'lively impression 
upon the untutored mind of man, and for which his natural 
propensity to inquiry led him to seek an explanation, or a 
connexion, which imagination supplied, once happily, onceio 
direct violation of sound reasoning. 

The extraordinary and unforetold appearance of a ce- 
lestial body of uncommon form, could not fail to be asso- 
ciated with some nearly simultaneous unforeseen event, which 
appeared to be out of the common order of occurrences ; 
slight efforts of designing men were sufficient to give consis- 
tency and permanency to such an idea, in times when mathe- 
matical science and such events were not suspected suscepti- 
ble of connexion. The^ greater pretended wisdom of as- 
trology, which accounted for the combination of the common 
events of life, by the combination of the position of the pla- 
nets at the moment of its beginning, could not fail to main- 
tain also the connection of the extraordinary appearance of 
a comet with the extraD/dinary events of the moral world ; 
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,and thie greatest gain of the designing being always in act* 
ing upon, the fear of the weak, prognosticating harm from 
an' uiicommbn phenomenon must of course obtain the 'pre- 
'&rence over the holding forth the hopes of ^good. 

t This iBiay have been the history of the establishment of the 
'iears of. the igborantjupon the apparition of comets.. Biit 
•the fears a()peased by the ligbt of science, were notfsaffered 
•;tO die ,aw^y jBUtirely, and if. icerjtdiniy failed, at leaist |prQ6a- 
'4if||%.ol;^.possibilUy:was yetreserved to BOainitain theibl : The 
, courses of ihe: comets are various,^ subjbct to great varia* 
.tion^ and distributed apparently without law ;. their number 
' appeals ais yet unlimited ; hardly a year passes that one or two 
, an6:npt discovered. - Such alravell^r from ia great distance, of 
,4ii unknown mass, might io his course strike the earlh ! and, 
? 'if delivered from the fear of the partial: misfortune threateir- 
( edby astrologyy it was attempted to frighten us into that of 
'the universal destruction of the whole earth ; and, even if 
' thatshpiild not be the consequence, still we^now that the ap- 
proach of two celestial bodies must proportionally increase 
' their attraction ; hedce a proportional increase of danger 
-/miist result for fearful many bf being struck bfffrom his abode, 
; dndr^owned by the se^s overflowing under, this extraordinary 
'(attraction ; our climate should be subverted ; or — ; but who can 
} calculate all the misfortunes which, imagination can create f 
fiWd are not even, at a; loss to find in tlie ancient words. of tra- 
;dilioft|. accounts' of events corresponding to the theoretical 
!lresult of the effective gravitation in such a case. 
I r^ 13h Butas litde.as .we may hope to change the laws of 
-natiMre'by. our fears or. deprecations/ so much may we calm 
'. those fears byicool calculation^ anda few sound, reflections, 
-supported by the consciousness of moral* rectitude, which 
shields from all apprehensions for futurity ; he only needs be 
- fearful >wbO' is conscious of deserving no good fate ; without 
^•oclifeeiiQgSyjDan may await the results of the laws of natu-re 
.irUh: full .cdnfidence, .equable mind, and calmness. Tl\p pro- 
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bability of the chance of the meeting of two celestial boAiet, 

even in the case of their orbits crossing each other, is f xcecd- 

-ingly smalli in respect to space, on account of their dimioo- 

tive size in proportion to the space which is given to ibem to 

move in, the earth occupying an arc of no more.tban 11^' of 

its own orbit; not only a simultaneously equal distance of tbe 

(comet and the planet from the sun is required, but also tbe 

-same heliocentric longitude, and that the disturbing i^sicor 

should have no latitude, or at least only a few seconds. . The 

great velocity of the comets, particularly near the peribelioa, 

where alone such an event could take place, limits this event 

to the short space of time, during which they would describe 

the small arc within which any effect could take place } thos, 

Tor instance, the comet that has come nearest to the eartb, 

would have passed the diameter of the sphere of his inflaence 

upon the earth in about twenty minutes of time* That from 

the greatest number of comets no apprehension at all ineed be 

felt, because their orbits lie entirely, and considerably^ outside 

of that of the earth, is besides evident by itself* 

The Mass of the comets is so small that they could exterdse 
but a trifling and even local influence upon the body of any 
of the larger planets, and particularly upon the dense etotb; 
so that almost close contact would be required to producse mj 
effect at all upon it. Notwithstanding the comets of sbort 
periods lately discovered revolve at no great distance frain 
the planets, not having been kQown, their influence 'was 
not accounted for in the perturbations ef these planets; siin 
the motions of these planets have been so fiiUy accouated 
for, ill conformity with the theory, from the attractiea of 
the other planets alope, that the attractive influence ef tbs 
i:omets may be considered as proved to be epdrely ses^tc* 

mai. 

All this may sufllciently prove that the disastroas iphemH 
pienon of the disturbanse of the earth by a eaaiet, tbaagh eat 
Absolutely impoisible by the laws of nature, and wbicfa esagr 
perhaps have happened about five or six thousand years ago, 
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If devoid of all probability for a great multitude of snrh pe- 
riods; during which the human species may continue to stri r, 
during many long series of successive generations, to improve 
its moral and intellectual worth aud happiness, free from all 
possible fear on that side. • 
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CHAPTER VII. 

General Considerations in relation to the Solar System^ 

^ 132. After having surveyed the details of the planets 
and comets of our solar system, we may with propriety take 
a general retrospective glance, in order to compare the facts 
observed, and the results obtained, and to give a general 
idea of the principles by which the mutual influence of these 
masses upon their respective motions are founded. 

What must first strike the imagination, in this general view^ 
IS the immense overpowering influence of the sun, extending 
its attraction to a distance where its diameter subtends an 
angle no greater than about 1' 18'',6, as is the case at Uranus } 
and even farther, if we are in any way near the truth in the 
dimensions of the orbits of so many comets, whose semi- 
axes even far outreach the distance of this farthest known 
planet of our system. 

This naturally leads us to compare it in all respects, as to 
dimension, volume^ mass, he, with the sum of the like quantity 
in all the planets. This comparison is easily obtained from 
Table II*, which furnishes us with the following remarkable 
approximate results : viz. 

The sum of all the Diameters of the planets is about yf of the sun's diameter.. 

Surfaces j'j---- surface. 

Volumes ------- j-^j - - - volumen. 

Masses jir - - - maJM. 

To the sum of the masses of the planets the satellites 
have been added, estimated approximately as equivalent to 
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twenty-five of our moon's masses, although it may be said 
that these are already included in the estimates of the masses 
of the planets, deduced from their influence in the perturlMH 
tions they occasion in other planets. 

In the sum total of all these magnitudes, together with 
that of the sun, the share of the earth is of course small ; 
it presents us with the following fractional magnitudes. 

» 

Of the sum of the Diameters, that of the earth is aboiit ^ 

Surfaces -------- ^g— 

Volumes -•---*-- '^^ 

• ^ Masses •.-.-•,, L. 

In this comparison, it is remarkable how much the great 
volume of the sun, comparatively to its density, influences the , 
result ; the sum of the volumes, compared to that of the 
masses, making the latter fraction more than four times that 
of the former, on account of the much greater density of 
the earth. 

The fourth Plate represents, upon a proportional scale/ 
the disk and diameters of the planets, and a part of that of 
the sun ; the inclined lines that are drawn through the cen- 
tres, represent the axes of rotation with their inclination 
towards the orbits of the planets, and, in respect to the sun,' 
with our ecliptic. 

The preceding chapter has given the reasons why the comets' 
cannot enter into this comparison, their diameters and masses 
not being ascertainable by our means. 

§ 133. According to the laws of universal griaviflition, any 
two celestial bodies, connected in their revolution, must'de-^ 
scribe ellipses around their common centre of gravity similar 
to each other, and in the magnitude of their lineal dimensions 
inversely proportional to their masses ; therefore, their me-' 
chanical efiect is exactly analogous to that of two weights 
on a lever. The deviations from this result which are ob-' 
served in our solar system, are due to the efiect of the same' 
law of gravitatioD, exercised matually upon each other bj 
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tVe planeU wfaich revolve aroaDd the same counterpoising 
central body, the sun ; these eflfecu are called Ptrturhm* 
Han$. 

If we reduce, by a simple approximate cakolatioa, the 
whole mechanical effect of the planets, counterbalanced by the 
SOD, to iu simplest possible case, according to the aborve irmw^ 
which however can never occur in nature, namely, a gemeni 
conjunction of all the planets on the same side of the sun, 
we obtiun a lever, on the one arm of which the sun, and on 
the other all the planets are placed, each at its respective 
mean distance ; for this extreme case the common centre of 
gravity is found at less than two diameters of the sun from 
its centre. The planets being always distributed in vmrtoas 
directions about the sun, this common centre of gravity, a^ 
which the sun and the planets must always be in equilibrios 
must be subject to a change of distance from the centre of 
the sun, corresponding to this joint effect ; unless these pla- 
netary motions be so combined as to maintain, by tbrir Joitft 
effect, the centre of gravity of the system always in the centre 
of the sun itself. To decide whether this is actually the caae 
in nature or not, is a task for mathematical analysis which 
might be of interest, because, if by this result the sun should 
be sut{)ect to any motion, as we have seen to be the caise be- 
tween the earth and moon, it must naturally have an eflect 
upon the apparent position of the fixed stars, which we can 
determine by no other means but by reference to the ecliptic, 
the centre of which would then become variable ; £ur w« 
must consider the reduction or reference to the plane of 
the equator as a mere individuality for our convenience, on 
account of its coincidence with the daily rotatory motioa ef 
the earth. This cause might occasion a part of the aniall 
apparent motions of the fixed stars. It is, however, evident 
from the small distance to be distributed among the varioua^ 
combined mechanical effects of the planets, that the comnaon 
centre of gravity of the system will always lie within the ana 
itseU^ as we have already seen to be the case with the eanh 
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and the moon, and as probably may be still m^re the fsape 
with the other planets having satellites. 

^ 134. The combination of the laws of gravity expressed 
in the beginning, show that the square of the times of ih€ 
re^luiions of the planets are directly as the cubes of half 
the great axes of the orbits^ and inversely as the sum of 
iht masses of the sun and the planet^ leaving all external 
influences or perturbations out of consideration. The overr 
poweriiijg.mas8 of the sun* as compared with anyone of the 
-planets singly^ renders the addition of the mass pf the ptme^ 
-of no influence, and substitutes, in the inverse ratio, iperely 
ihe mass of the sun. When both masses are moveable, the 
hrelative gravitation of the smaller to the greater is |is ttiejp 
$mQ is to the greater. 

' In the orbits of the comets, which are still calculated as.^f 
a parabolic form on account of their great eccentricity, ^le 
Uneal dimension to which the above proportion is referre4f 
is the parameter, which is the diameter perpepdicular \o tbf 
axis, and passing through the focus of the parabola. 

The measure of the attracting force of a celestial body^ ej|^ 
jercised upon another revolving around it, is given by the ;Ye« 
iocity which it communicates to the latter ; this is in the ratip 
.of the mass. The influence of another body, external tp fh^^ 
ilFo, is the remaining efiect of tliat velocity, which t^is bo^y 
'vrenildhave impressed upon it, in the absence of the overpower/- 
jog influetice of the other. Therefore, when the planet )ia^ 
a atteUite, Uiis comparison may be made directly by the coiOr 
-parisoQ of its time of revolution with that of the planejl 
airojind the dun; in this way the relative masses of the threp 
liodies can be determined. When the mass of one planjejt i^ 
JiBOWB^ then its comparison with the sun and another pl^et 
.gii/ies the means to determine the mass of thi3 other. 

^ }35. The determinations of the masses of the planetf, 
and of their mutual influence upon their respective revolii^ns 
which form the Perturbations^ ar^ therefore intimately .ppn* 
nected, and dependant upon each, other; the, numbef wA 
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variety of the^e influences render the mathematical problem 
of the perturbations very complicated, so that an <ucuraie 
and general solution is still beyond the reach of mathematical 
analysis. The solution, in the case of the solar system, is ob- 
tained by an approximation, favoured by the small eccentrici- 
ties and mutual inclinations of the planetary orbits, and tbe 
small masses of the planets compared with the mass of the 
^un ; and even with this limitation it still requires the most 
subtile and accurate mathematical analysis. More, therefore, 
tbMi a general idea of the elements, and some of the remark- 
able results is not to be expected here. These Perturba" 
tions do not depend alone upon the gross influence of the 
relative situations of the planets in their orbits, considered 
as regular, and the planets as revolving regularly in them ; 
the mutual attraction of the heavenly bodies is also, in this 
case, as in the general phenomena of their motions, the only 
vital power, and the law of its action is the same ; the dif- 
ferent directions in which it acts, and the diflferent distances 
at which it exercises this action, are so many variable causes 
of discrepancy in the resulting eflect ; the whole of these 
circulations, therefore, refer to tbe relative geometric position 
of the acting bodies and their power of action by virtue of 
their inass, exactly as has been seen in the case of the mooo. 
On the combination of these elements, therefore, depend the 
variations of the influences, and their ultimate eflfect at any 
given timie. The variations which the elements of the orbits 

w t 

themselves suflfer, are sufficiently great to influence these 
quantities; this again introduces a greater number of varia- 
ble and variously combined elements into the calculation, the 
eflfect of which becomes more or less sensible, and returns 
more or less rapidly to the production of the same quantity 
in the result. In this way, periods of different lengths, that 
regulate the calculations, are formed. 

The Periodic Perturbations depend on the situation of the 
planets in their orbits in respect to the nodes, or the greater 
'aiis of their orbit. The Secular Periurbaiiani depend on the 
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gradoal variation of the position and elements of these ortriU 

themselves, their smaller magnitude renders them sensible 

only after a greater lapse of time ; a regard for the ease of 

calculation has alone introduced the use of the centenary 

pleriods, with which they are no more connected than the life 

of a man is with the year by which he counts its length.-— 

The principal results of these secular variations of ibe elements 

of the |)lanbtary orbits, are contained in Table I. under their 

proper beads, and with the arithmetical signs + or — ^| de^ 

botiog, the 6m an advance, the second a retrogradatiblii ifi 

the regular order of the signs of the ecliptic^ or an aogmeau 

tatton or diminution of latitude. 

^ tS5. Among all these influences, those tbat have the 

most general and the most sensible effect upon the appear* 

Imces, must evidently be such as affect the position of the earth 

Itself, and its orbit; they act in the manner we have seeti in 

speaking of the attraction between the eartli and the moon^ 

to displace the observer himself, and consequently occasion 

a variability in the aspect of the whole universe. The in<^ 

fluences depending on the masses of the largest planets, Ju« 

piter and Saturn, have first been accounted for, both on 

account of their more sensible magnitude, and tbe better 

determinations of tbe masses of these planets ; in respect to 

the ^birth, Venus and Jupiter were first accounted for, as most 

Ulflu^ntial) Saturn, Mars, and Uranus have been taken more 

laf^ly into consideration. Mercury appears to have the least in^ 

fliience 6f that kind, acting, to all appearance, conjointly With 

the sun ; besides; uncertaiidty still ei^ists in respect to his 

mMds, and caHscis an equal uncertainty in all the calculations 

depending; 6h it. Amidst all these variable elements of th^ 

oi^yits of the planets, the sum of which always produces a 

pei'fect balance in the whole of the system, the mean motions 

bf the planets in their orbits have been found constant ; which 

m^y Corroborate the idea, that the Centre of ^avify of th0 

systein may also be Constant in th^ centre of the sun ) whik 

all tbe 'Other elements of th6 orbits are subject to ah alignldn- 
20 
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taJtion or a diminution, alternating like an oscillatory motiom 
This jQonstancy proves that, whatever may be the masses of 
'the planets, still in consequence of their motion in the same 
direction, in orbits not much inclined to each other, the whole 
system oscillates about a certain mean state ; that these oscil- 
lations are confined within certain limits; that no planet can 
ever have been a comet, nor alternately ; even the circum- 
staiice of tlie apparently constant diminution of the obliquity 
of .the ecjiptic, so important to us, although so minute in re- 
ipeptto the. whole system, oscillates within certain limits, and 
ajccordiog to theory, can never sink below 20°y nor exceed 
28° ; for the determination of its epoch, the whole history of 
asStronon^y has as yet furnished us with too smali.a portion of 
the diminution, to allow us to pretend to a determination of 
it from observation ; the oldest observations entitled to credit 
that are known, show it to have been about 23° 54% about 
one hundred and six years before our era, and at the begin- 
of the present century it was 23^27' 57'', giving for nineteeo 
centuries a diminution of only 26'. No fear therefore need 
be entertained of the evil consequences of a coincideoce 
of the planes of the equator and the ecliptic. 

4 1^^' We. have still, in treating of the effects of the per- 
turbations,; to. make, as Copernicus did in forming a troe 
representation • of the Solar System, certain assumptions of 
some of the. elements. I'hese ought of course to constitute 
a system that will represent the actual state of the appear- 
ances. But when a difference between them is observed, we 
are provided with the. data for an inductive process, that 
may be applied in inverse order to correct these assump- 
tions. We thus obtain what may be called an oscillatory 
approximation, with diminishing variations. By theory 
and observation, then, stepping alternately forwards, it has, 
especially in the later advancements of astronomy, been 
proved that the application of the exact sciences to nature, 
will afford a benefit in a ratio like that of compound inter- 
est ; every improvement, or advance, becoming productive as 
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a new principal ; for such is the progress made, that, ia 
most cases of importance, a single second in time, which in 
common life is wasted and abused by millions, becomes a 
quantity claiming the attention of the calculating astrono- 
mer ; and even a subdivision in determining the place of % 
heavenly body, or the time of certain phenomena. A second in 
the arch, a quantity entirely microscopic to the human eye, 
and undeterminable in common life, is by no means neglect- 
ed ; thus for instance the tables of the sun, that is to say,, 
of the motion of the earth in its orbit, made by several late 
astronomers, give results not differing, at a mean rate, so 
much as these small quantities, either between themselves, nor 
from nature and the actual appearances ; accuracy approach- 
ing nearly to this, may perhaps be claimed for the tables of 
the moon, although this body presents us with the greatest 
angular variations for every trifling influence, whether sim- 
ple or combined. The tables of the revolutions of the 
planets, the results of zeal for the science alone, without the 
particular interest attached to those of the sun and moon, 
present results that are in proportion no less satisfactory ; for 
in these the direct interest, which has prompted governments 
to call for the perfection of the tables of the sun and moon 
by pecuniary rewards, does not as yet exist in the present 
state of civilization. 

The want of accuracy in the ancient observations of the 
planets, and the shortness of the time whence we date accu-. 
rate modern observations, has of course retarded the perfec- 
tion of these tables* In the minute details relating to the pla- 
nets themselves, and the perturbations of long periods, the 
simultaneous perfection of mathematical theories and of as- 
tronomical instruments, the means and methods of observa- 
tion and calculation which skill and zeal for this science 
have of late produced, will probably soon bring these parts 
of the science to a satisfactory result. 

The two largest planets, Jupiter and Saturn, having been 
the longest observed, give also the best results, and therefore 
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fiirnisb tests for the theory of universal attraction in its de* 
tails, which they confirm in every part. I3y the late disco- 
yeries of the small planets, fiesta, Junn^ Ceres^ and JPalloMj 
between Mars and Jupiter, and the Comets of short periods 
in their neighbourhood, opportunities will be presented to im* 
prove the details of the theory of attraction, the effects of 
which they will present under more varied circumstances, in 
consequence of the greater eccentricity and inclination of 
their orbits, their inter mixed'^^ course, and the great dis- 
parity between their masses and those of their neighbours, 
particularly Jupiter, the greatest of our whole system, which 
has, for instance, already been found to produce, in the motion 
of Ceres, perturbations that may amount to and vary from 
3^ minutes to 10 minutes. 

^ 137. It may be proper here to make a collection of data 
and results, which are of interest and proper to be stated, in 
the same manner as we have done in respect to the moon. The 
Bum of all the quotients resulting from the division of the 
mass of a planet by its great axis, (or considered as that of 
a variable ellipse,) is always very nearly a constant quantity. 
The secular variation of the equation of the centre of the 
planets, is the result of the mutual inSuence of the planets 
upon each other's orbits ;. and such are in general the causes of 
all the variations recorded as secular. 

Retrospective calculations of the variations of the position 
of the orbit of the earth, show, that 1248 years before our 
era, its greater a;ii^is was at right angles with the first point 
of Aries, and that 2841 years earlier, this axis coincided 
with the same point, this epoch is about that at which cbrov 
nologists have placed the creation of the world. 

A peculiarity in the planets, analagous to what we have 
observed in the satellites of Jupiter, is, that five times the 
piean motion of Saturn is equal to three times the meaQ 
motipiipf Jupiteir; this occasions a periodic coincidence, that 
depends upon a more general equation of a long period. 

The inclipations of all the axes of rotation of the planets 
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remaia nearly parallel to themselvesi and form the same 
angle with their orbits, during their revolution around the 
&un y on this depends the constancy of the seasons, which we 
can readily conclude from this to be very different in the dif- 
ferent planets. The changes of this inclination are most pro- 
bably subject to the smaller or larger variations in all the 
planets, analagous to what we observe on earth, and probably 
more varied in the larger planets, under the influence of 
noiore satellites and a greater flattening at the poles. 

According to theory, to each velocity of rotation corres- 
pond two different ellipticities ;, hence the determination of 
the one existing depends on observation. 

The planes of the orbits of the satellites lie always between 
the plane of the orbit of their primary planet and its equator; 
in Saturn, only the plane of the seventh satellite deviates 
much from that of the ring, the others are all nearly in the 
same plane with it, having their nodes common with the 
equator of the planet ; in general, the inclinations of the 
satellites* orbits increase with the distance. 

§ 138. If we were to consider heat and light as a material 
emanation from the sun, as has been usual, we would calculate 
and determine upon mathematical principles the proportional 
quantity which each planet would have, as has been attempted. 
But the futility of this reasoning appears palpable, for the 
simple reason, that the results appear not to answer any 
purpose in nature adequate to the effect which we see. In 
treating of the sun, we have proposed a theory which ap- 
pears to fulfil the demands of nature upon principles of sound 
philosophy, and of which we have found confirmations in the 
appearances and the proportional densities of the planets. 
All mechaiiical effects of inanimate nature are exercised in ^ 

straight lines, in which also the action of heat and light is 
directed, and we can pursue and study their mechanics or 
principles of motion, by the same methods that we employ 
in the cases of gravity* Upon the different capacities of 
different kinds of matter, of retaining or communicating 
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beat and light, we have examples on a small scale on earth,' 
but cannot as yet, by any direct conclusion, apply them 
to the celestial bodies, so as to determine absolute quan- 
tities of it, although the genei'al principles stated in the earlier 
part of this work have acquired confirmation by a compa- 
rison with the results presented by the planets. 

One difficulty we still find in making the density of the 
sun and the larger planets coincide with what we know or 
observe on earth, in regard to the solidity of the matter 
composing these large bodies. With such a small density 
and specific gravity as we have indicated, and as has been 
generally adopted, we find no indication of that solidity 
which, in our experience, we must consider as indispensable 
to constitute a celestial body; the specific gravity of resinous 
substances presents us with a solidity only feeble in low tempe- 
ratures, and with complete softness at the higher temperatures 
of our atmosphere, while we must, upon all grounds, allow 
to the sun the highest temperature, in order that he may oc- 
cupy the station, and fulfil the function^, we see he does in our 
system. But all these difficulties cease, on returoing*, io oor 
inquiries, to the origin of these numerical determinationi. 
Ingenious and careful as the operation for determining the 
specific gravity of the earth by means of the measurement of 
the mountain of Shelhalion was, it rests upon the mere snppO' 
sition of its density, relative to that of the earth, and we 
may with much more propriety refuse to this supposition the 
necessary accuracy to make it a basis for conclusions so ex- 
tensive, than we may admit a result contradictory to what 
we otherwise find as a general principle. No doubt, new 
inquiries, by different means and methods, will arise in the 
present state of science, when so great an activity exists in all 
researches that may enlighten and extend our knowledge of the 
earth. Already, pendulum observations, made twelve hundred 
and twenty feet deep in a mine, have shown a variation from 
corresponding ones made at the surface, which lead in result 
to a density of the earth of 7,73 times that of the sarface, 
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or about twenty times that of water, instead of 4^715, as we 
have stated before upon the habitual indications; the differ- 
ence between these oscillations having been 8",23 instead of 
2",46 which would follow from the former determination. 

We may therefore expect that this difficulty will be solved 
by future experiments and observations; and it will easily be 
observed, that the proportions of the masses to that of the 
earth, taken as unity, being all that is used in astronomy, the 
results obtained by the former supposition will not suffer any 
change, but only re-act upon our knowledge of the physical 
state of the earth, and the comparison of it, and the different 
kinds of matter we find upon it, with the other bodies of our 
solar system. 

As for the proportion between specific and sensible heat, 
upon which we might consider the question of habitability 
to depend, according to our supposition of the state and 
wants of intellectual beings, it is as yet unknown, as much 
as that of the medium in which they live corresponding to 
our atmosphere ; therefore, wcmay with propriety not con- 
sider ourselves as furnished with sufficiently accurate data on 
either of these questions to do more than simply acknowledge 
that sufficient general data are also sufficiently convincing 
indications of the general inhabitation of all the planets, 
though we are,^ as yet^ and shall eyer be, unable to determine 
the respective properties of both, the state of the surfaces of 
the planets, and of that of the inhabitants, that is, the intel- 
lectual beings dwelling upon them. 
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General considerations in respect to the Fixed Stars, and 
methods of registering their position. 



' ^ 189. On leaving thie solar system, to introduce our 
readers to innumerable systems of a like nature, of which 
we can only discern the central bodies, or, at least, those that 
by their intensity or abundance of light become visible to us, 
we advance H'om distances, though large, that are still mea- 
surable in terms of the diameter of the earth's orbit as an unrt^ 
to distances immeasurable by us, and which we must calling 
nitCy because we are deprived of all lineal dimension, by which 
to measure them ; the Diameter of the eartVs orbit disappears 
Entirely in comparison with them ; perhaps even that of Uranus ; 
light- itself, with a velocity hafdly conceivable by us, must 

* 

take more than six years to perform the passage from the 

nearest fixed star to our solar system ; and these bodies 

themselves be much greater than the sun, to be visible to xit 

at a distance whence the earth's orbit subtends an angle ' of 

less than a second. 
SI 
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Such is the case with all the stars that adorn the spectacle 
of the heavens, except those which we have accounted for in 
the preceding parts of this work. To us all means of distin- 
guishing them fail except their apparent magnitude, which, 
therefore, is the ground of tHeir classification. By this they 
are principally arranged in ten classes, numbered from the first 
to the tenth magnitude. This magnitude, however, is only the 
effect of their brilliancy, and does not refer to their real size, 
nor is it entirely the effect of a greater proximity, as far as we 
are able to judge. The stars of the first magnitude^ or which we 
might rather call of the greatest brilliancy^ lose their magni- 
tude by being seen through powerful telescopes ; we mast 
therefore attribute their apparent magnitude to the intensity 
of their light. The twinkling, or apparent spreading of the 
light, we know to be due to our own atmosphere ; and when 
the moon passes before any one of them, the angular velocity 
of the moon is sufficient to make the disappearance of all 
stars equally instantaneous. 

^ 140. If we contemplate the spectacle of the stars pre- 
sented after the sun has sunk below our horizon, we find every 
successive evening no more than a slight difference between 
the time of their appearing above the eastern, or disappearing 
below the western horizon, while all the relative positions not 
heretofore recorded, appear permanently fixed, and subject, 
besides, only to that apparent motion, which we know to be 
the effect of the rotation of the earth, or the day, simulta- 
neously with which (he spectacle also renews itself. Of the 
gradual change, arising from the successive appearance of | 
the stars in the east after sunset, while others cease to be i 
visible in the west, we are already apprised, as a natural ef- 
fect of the gradual progress of the earth in her orbit ; for 
we have seen that the day, reckoned under the influence of 
the sun, is not the same as that referred to. the fixed stars, 
while distinguishing, as we have done, between astronomical 
and solar days, or time; this has already given the measure of 
the daily difference, which is the element that govems the 
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successive appearances or disappearances of the fixed starSi in 
our starlight nights. 

These phenomena are therefore already explained. By the 
adoption of the revolution and rotation of the earth they be* 
came unavoidable consequences : before these were admitted^ 
the first appearance or disappearance of a star/qompared witl| 
the setting or rising of the sun, formed an important part of 
astronomy, and was therefore observed ^nd recorded as sucb; 
but to repeat any part of this subject here, would be as use^ 
less as the recital of the old and eji^loded theories of the 
Ptolemaic and Tychonic systems. We may suppose out 
readers sufficiently acquainted with the general appearances,' 
and with the bearing of this subject, both by common observa*-* 
tion and from what has been already said ; we, therefore^ 
devote this part rather to the developement of the finer efiects 
and results obtained by astronomy, and which-avemore pecu- 
liarly due to the latest times, and to more perfect instrumentsJ 

^ 141. In sections 11 and 12, we have stated how the 
positions of the heavenly bodies are registered by Longitude 
and Latiiudej when referred to the Ecliptic, The permanency 
of the fixed stars in the same position, however, presents a 
mode of registering them more easy and simple, both in the 
determination and in practical application. The apparent 
motion presented by them, in consequence of the daily rota- 
tion of the earth, furnishes means to determine their relative^ 
position, by the difference of the time of their passage through 
a given plane, which, as we have seen, the meridian of any 
place presents to us with great facility ; and the arc perpendi- 
cular to the equator and passing through the star, will at that 
moment coincide with the meridian itself; hence, the distance 
from any determined point in the meridian wilt also give the 
means required for the second datum, namely, the distance 
from the plane of the equator; such a determined point is the 
Zenith of any place, namely, the point of the heavens equally 
cUf tant from the horizon on all sides, and consequently in the 



164 FART IV. 

meridian itself; to this point observation and calculation ewa 
refer both the star and the point of the ecliptic, where the 
perpendicular arc through the same will meet it ; the <)i^r- 
ence between the two will evidently give the distance firom 
the equator, as required. The difference of the timie of tht 
passage of any jtwo stars through the meridian, will give what 
is called in astrdaomy thehr difference of B^kt Ascensi<Mu 
It is also usual to refer these determinations to the ascend* 
iog node of tiie earth's equator With the ecliptic or 0° T ; that 
is, the position of my star in right ascensioA is reckoned from 
liiis point. The star's distance from the plane of the equatoiv 
in the arc perpendicular to it, at the point thus determioed^ 
if called its Declination, Thus we have again the position 
of the star determined, upon the ^ame principles at it is by 
loQ^tude and latitude, relative to the plane of the ecliptic. 

^ 142. Bat before these mathematical determinations were 
introduced, or, we may even say, were possible, a i^edio4 
of distinguishing the fixed starfe was introduced, which habit, 
and ease of language in designating them^ has preserved ^ver 
since; namely, to designate certain groups of them by th^ 
denomination of animals, memorable men, or objects^ the 
figures of which were traced around them. These groups are 
Called Constellations, they evidently extend over the wfaoh 
surface of the celestial sphere ; the same means which we have 
related, in relation to the Zodiac, in the first chapter of this 
work* 

To make the enumeration of these constellations here 
land to show the methods devised to assist the memory in 
recollecting, and facilitate the means of finding them, is not 
io closely connected with the elucidation of the Principles of 
the Stffitem of the Universe^ as to induce us to enter into tbe 
details of this part pf practical astronomy, which is desig<» 
nated by the ni^me of ^strognosy; it may suffice to state 
(bat the best means of acquiring this knowledge is what 
\$ flailed tbe Alignments^ which, by forming regular geoine» 
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trical figureSi of determined proportions, within those of the 
constellations, greatly augment the means of reference, and 
facilitate the recollection of the corresponding appearances* 
Within the constellations themselves, the stars are desig- 
nated in two different ways, by letters of different kinds, 
and by peculiar names ; these last are Arabic, both In lan- 
guage and origin, and date from those times, when, the 
nations from which we boast our origin being plunged in 
ignorance, the spark of astronomical science was maintained 
by that people, now fallen b^ck by the jidvance of other 
nations, who in their turn, perhaps, prepare themselves for 
the same fate. 
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Reiuciumi of ih$ poritions of the Fixed Stars. JVuiaiion^ 

Aberration^ Precession^ ^c. 



§ 143. Notwithstanding the general Appearance thus pre- 
sents a stability between the relative positions of the fixed 
starsi this again, on more close enquiry, is by no means the 
case ; more accurate observations have discovered changes, 
some of which have been accounted for, and are periodic; 
and others only lead us as yet to suspect, that the variations 
to be accounted for, will be of a much more delicate nature 
than those we have treated of hitherto, as they may, under 
very small appearances, imply eflects of very great magni- 
tude ; therefore, until the later times of more improved sci- 
ence, the appearances were the only object of inquiry, and 
the injurious conviction that these stars were fixed often caused 
their real motion to be ascribed to an error of observation or 
calculation. To suspect this was so much more plausible, as 
the observation is always mixed with the irregularities of 
which mention has been made in speaking of the earth as a 
planet ; for it is evident, that the effect of the nutations of the 
earth's axis, the relative velocity of light, and of the earth in 
her orbit, the variation of the obliquity of the ecliptic, and the 
effect of refraction under different states of the atmosphere, 
must all combine in a variable result, producing temporary 
appearances, from which it is as difficult, as it is necessaryi 
to disengage the observations, in order to arrive at some regu- 
larity . It was also natural at first to supposei when the revolo- 
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tidn of th6 earth around the i^n was determined j that a change: 
must result in the appearances in Consequence, of it ; whicby 
frdm the similarity of principle with thi parallaxes, resulting, 
from our position upon, the surface of ibeeaxthi was called the • 
Annual parallax ; thisj therefor^, has been ah object of inr< 
quiry even until lately ; in fact, if we consider the sun as a. 
fixed star, around which the earth revolves, we must reduce 
the appearances of other fixed stars to this centre, in the sam6; 
manner as we have done in the beginning; in rendering^an 
account of the motions of the planets around the sun, to dis**" 
cover the regularity of the whole system, Either at rest pr in 
motion, which they may present. Blit if in that case oor> 
knowledge has enabled us to start from a determined result 
of the science, retracing the steps of . discovery, and to ob-= 
tain as a final result the satisfactory explanation of the ap- 
pearanices, we are not yet able to follow the same manner of 
proceeding here ; we can as yet but collect appearances, and 
by accounting for the influences which we are acquainted 
with, reduce them to that state in which the resulting system 
is to be compared with observations, to test its truth or 
fallacy, or, by the regularity of the deviations, lead to any 
true system that may lie hid in it. 

^ 144. Our first task, therefore, is to show the principles 
of the Reductions, or Corrections^ to be applied to the obser- 
vations. We maj here, as we did hitherto, neglect treating 
of the Refraction^ or the deviation of the rays of light in our 
atmosphere, which, as a local phenomenon of the earth, may 
best be treated.of there. Those alterations of position which 
the earth sufiers, either as temporary perturbations, or as an 
ultimate progressive result of them, must become apparent^ 
in the position of the fixed stars, in a manner combined by 
the relative direction of the perturbations and that of the fixed 
star observed. . We have seen above, that the variation in the 
position of the moon's orbit occasions what is called a JVti- 
iation of the eartVs aoois by the moon, by which this axis 
describes a small ellipse, the position of which is accounted 
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for from the poiifion of die node of the moon ; the anglei 
therefore, between this and any fixed star observed from the 
earth, forms what we have before called the Argument of the 
effect of this natadon upon the star ; that is, it determines the 
qoandty of this effect for the dme; the qaandty of this io* 
fluence is of course again reduced to the apparent effect pro* 
doced, as referred to the plane of the eclipdc or eqnator, and to 
the arcs perpendicular to them, passing through the respectivt 
stars. Hence arises the necessity of tables, either of a ge- 
neral nature, which would furnish the means to calcnlate^ for 
any point of the heavenly sphere, the effect of the nutation ; 
for certain posidoDS of 4he node, at certain distances from / 
each other, and to which the known portion of any star is j 
to be compared ; or of special tables for each star, giving | 
this effect, in all the directions desired, for the different posi« t 
tions of the node of the moon ; for both cases a considerable 
work is evidently required to give to the results all the accii« 
racy to be desired* ^ 

In this, we have an example of a kind of tables necessary i 
in astronomy, different from those quoted as recording tbs : 
modons of the planets, namely of such as present the results ^ 
of calculations of effects under certain given circumstances, 
which, therefore, need only to be applied to the -case ; of 
such, a number are necessary to facilitate the work of tBe 
astronomer, and by the aid of which, therefore, the science 
progresses more rapidly. 

All that has been said here of the Lunar nutation evideotlj 
applies equally to the Solar nutation^ with the difference it 
the argument only, which Ui this last is of course takes 
from the position of the sun, compared to that of the star* 

Not to repeat here what has already been said, we refer, 
for the magnitude of these effects, to the place where is 
treadng on the earth we have already stated them. 

This effect of the nutation evidently cannot take plad 
without a corresponding influence upon the obliqultv of tkf 
eclipdc; this obliquity is therefore subject to an oscillatitf 
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iftcdog the plane of reference, when the stars are registered 
by their Right Ascetmon and Dedinaiion ; but this evidently 
must not be attributed to the ecliptic itself though, in re- 
ducing the places of the stars to it, account must be kept of 
the angle contained at the moment between the two planes. 

It will be observed, that the effect of the nutation Upon the 
position of any star at any moment, depends on the angle 
between the star and the direction of the axis of the earth. 
This, like all effects of this nature, as<we have seen hereto 
fore, it is usual to represent by its two resultants, for either the 
ecliptic or the equator, and the arcs perpendicular to them. 
^ § 145. Asoneof the final results of the attnictions of per« 
tnrbation upon the earth we have stated in its proper place, 
that at the present period a diminution of the obliquity of the 
ecliptic is taking place, which amounts to near 6(y' in a cen- 
tury ; and further, that the point of intersection of the two 
planes of the ecliptic and the equator, or the Equinoctial poit^^ 
is affected by a retrograde motion upon the ecliptic, or what 
is the same thing, that the point of 0^ T, (from which, as 
we have stated, both Longitude and the Right Jiscensiott 
are usually counted,) moving in the ecliptic in the inverse 
order of the signs, occasions the return of the appearances, 
as counted from that point, to precede in every revolution 
that of the stars themselves. This effect is called ^he Pro^ 
eeesion of the Equinoxes^ and requires to be taken into ac- 
count in the determinations of the positions of the fixed stars ; 
this is done in such a manner as always to state the position 
'6f the stars, at any moment, from the point 0^ T occupies 
simultaneoiisly ; this effect amounts to about 50? seconds an- 
nually, and may be represented by supposing a revolution of 
the axis of the earth to take place around the pole of the eclip-- 
tic, the epoch of which, according to the present data, would 
be 25750 years. By this motion, for instance, the pole star 
will, be, in the year 2102, nearest to the pole, or only 
27' 22",65 from that point. 

^ 146. These influences being accoimted for, the obscrva-^ 
22 
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fpccb o£ wkiok corresponds with the revohition of the eutft 
crooid the ssuiy or the year; this eiEect, howeveti does not 
oonresposKl to an. animal parallax. Bradley, inquiring into 
this, wae lead to the same discovery which Huygens had made 
altont the. same tine, from the variability of the timea of the 
eclipses of Jupiter's satellitesi namely, the gradual prapaga* 
Hon 0f ligh. 

' The earth, in the eomrse of her yearly vevolntioii aronnd 
Ibe sun, most see every fixed star successivelj^ in the asune 
situation, in relation to the sun, as any of the superior plsM» 
nets ; hence she will be in the diflSsrent parts of her orbit at 
diierent distances from the star, the extreme of this variatioti 
being evidently the diameter of the earth's orbit; now light 
requires, as we have seen, 16*^ 14** of time to pass throagli 
dufl diameter, during which the earth again describes a small 
arc in its orbit, which at a mean is 40",5. If, therefore, the 
efieets of this change of appearances, produced by the gradual 
propagation of light, are to be accounted for, a reduction of 
Ihem to the centre, or the sun, becomes necessary, which wiU 
Wk ita maximum present the half of the above, namely 20'',M« 
This reduction or effect is called the •((I&erra^ton. To accooat 
for its direction and qaantity in the different positibna of the 
earth, we must have recourse, as in all cases of motion^ to 
the mechanical composition of the result from the two^ omh 
^ens of the earth and the light ; these cause us to see the 
star in a direction indicated by the diagonal of a parallelo-* 
gram, of which the two sides would be in the proportioai of 
the two velocities, and under the angle which they form with 
each other at any given time; the above reduction is tba 
maximum in the opposite directions, and can only take place 
when the direction of the earth's motion is perpendicalsur 
to the direction of the star ; it may evidently diminish to 
nothing when the direction of the earth's motion and that 
jto the star are in the same line. To reduce this appearanee 
^pnn to the reality^ tables have been aiadei as< tiselhV tmj 
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necessary, auxiUarieSi to the methods of astronomers, upon 
the same principles as stated for the Natation ; the arguments 
of these are the longitude of the sun, they therefore serve for 
any angle between the sun and the star, to find the magnitude 
of this reduction. 

^ 147. It will appear immediately evident, that the planets 
must be all subject to the different reductions treated of in 
this chapter, in the same manner as the fixed stars, for we 
have seen that they are all dependent ^^n the effects <of the 
motion of the earth itself upon the af^earances, and in this 
case the result is rendered more complex by the proper mo- 
tion of the planets themselves. 

^ 149. Thos ie^wy star tbaiC we 'observe w t6 te freed 
from these effects, in order to present, as an uhimalieretciit, 
the quantity and direction of its motion. After these redtid^ 
tions, there sdll remains, in a great mmber of itars, iceMcift 
constant but small motions, of which, as yet, no law^has beta 
discovered, that will give an explanation applicable to alltht 
stars, or to any great number of them. Peculiarities wucn 
in these motions, which are called the Proper maiion of ilk 
Jfhced Stan ; the greatest amount to about 5' in Sight aicen$iomf 
or 20" in Dedinatian; they will in future be of the ^e«teil 
interest, because they evidently lead to the discovery of eyv* 
terns of heavenly bodies in revqlaiteti, similar to the sofaor 
system ; of these, , and several other phenomena and appear^ 
ances of the fixed 'Stars, It will be proper to mention a few bere^ 
lifter to show their peculiarities. Recent and accurate ofaser* 
VflttioQS have ^covered a great number of thtnu 
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^ 149. ALTHonoH we are unable to ascertain by any direct 
means, whether the apparent greater or smaller brilliancy of 
the stars is due to their real magnitude or to their smaller or 
greater distance, ne might, however, be led to suspect'that 
the latter is in part the true cause. Under the Euppoeitioiif 
which we besides see verified in all that has preceded, that 
every celestial body, or system, will be placed at a certaitl 
distance from the other, by allowing an approximately equal 
space to the difierent systems, of which we suppose the fixed 
stars to be the central bodies, or suns, we find their number 
also increases in an approximately similar ratio, with the de- 
crease of their apparent magnitude. Such ought to be the 
case if any number of objects, nearly equally distributed m 
space, were viewed from any one of them. 

The stars of the first magnitude are those which appear to 
us in brilliancy and magnitude nearest to Mara; they are 
generally reckoned to be fifteen in number, though astrono- 
mers vary, both in this number, and in the choice of some of 
the stars, some having added the four largest of the second 
magnitude of other astronomers; by all, however, twelve 
of them are considered as decidedly of the first magnitude. 

More than sisly stars are reckoned of the second magni- 
tude, upwards of two hundred of the third, and the number 
of each class increases as the apparent magnitude diminishes* 
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After having exhausted the usual subdivisions of magnitudei 
the field of discovery extends itself immensely, and presents 
* DO other limit to the increasing number than that of our op- 
tical powers* By the constant improvement of these instru- 
ments, a number of stars of considerable brilliancy are found to 
be composed of two and even of three, of different magnitudes, 
mnd there are some which have a periodical change of ap* 
pearance or magnitude. We discover, besides the regularly 
defined stars, white spots of greater or smaller extent, either 
regularly round, or of irregular shape, which are called J^ehula. 
A closer inquiry decomposes them into a greater or smaller^ 
or often even an indeterminable,1multitude of stars ; these sub-^ 
Jects deserve to be treated of more particularly, and though 
we cannot enter into the mathematical details, which are only 
for the professional astronomer, still, however, the. collection 
of a few of the most striking facts must interest our readers. 
^ 150. The most remarkable and most extended of allthe 
Ifebulaj if we may call it so, is the Milky Way. By this der 
nomination we designate a belt of whitish light, spreading 
itself with more or less breadth almost exactly like a great 
circle' over the whole celestial sphere, and cutting the ecliptic 
near the SoUims. Some of the ancient philosophers, among 
whom was Democritus, declared this to be the effect of an 
innumerable multitude of fixed stars; and this, long before 
the invention of the telescope afforded a confirmation of 
the fact, by daily introducing us to the acquaintance of num- 
1)erieS8 small stars, and more distant nebulae : as many a| 
fifty thousand stars have been counted in it in a space of fifr 
teen degrees. . i 

- It is a necessary consequence of the manner in which we 
find ourselves encircled by the milky way, that we oecupy a 
place within this belt ; we may therefore suppose our solar 
«y8tem^ and the stars of greater magnitude, to form part of 
die Sfime multitude of ^ars, which thus appear spread over 
m wide extended surface of a certain thickness. - We may 
iereil- Venutrie to \eoii}eiturey that the position oC our 'solar 
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jgyntem is not central within this beh, as visible im lu, t&d 
that we are nearer to that part in which we see the constelki* 
tion of the Eagle ; because there the milky way appears 
broaderi and the stars more scattered, than in the oppMift 
direction, namely, towards the constellation of Orion : in 
respect to our elevation above the plane of the milky way, 
.we may consider it as indicated by the angle supplementary 
to that subtended by the milky way. There is m singular 
coincidence, namely, that the largest star which we see, vit. 
Siriui, or the brightest star in the Cheat Dog^ appears to m 
in the direction of a Diameter of the milky way. Desirous ef 
finding a centre^and motion wherever we see celestial bodies 
in any thing like a systematic order, we may easily suppose 
that some astronomer may have been prone to seek for snch 
m centre in this star ; and to consider the whole system, or 
accumulation of the stars which appear to us more brtlliaii^ 
with all their successive gradations, down to the smallest of 
the milky way, as belonging to the same Nebula or clnsier 
of stars, appearing so great, principally on account of iti 
proximity. But to determine entirely any single point of 
this vast inquiry, exceeds, as yet, our means. Astronomy ii 
too young for an epoch such as we cannot refuse to ascribe 
to motions of such immensity ; ages much more remotei ttd 
means much superior to ours, may determine them. 

^ 151. Thus we have again arrived at the limits of oar 
«ctual or exact knowledge, and we are obliged to stay oar 
Judgment, until new and more accurate determinations ihmisk [ 
numerical data; but in the principles that have directed v§ 
in the solar system, the success obtained by the reduction ts 
exact mathematical principles, has shown us the road to our 
object ; here we have no more to do, than to state Jone 
of the individual data obtained, as we have hinted. Tbni 
we find, first, Star$j which, under the semblance of Fixed sian^ 
without any comet-like appearance, or any motion -appaueil 
from the earth, have been positively seen and dfttfnniaed il 
4sertain epochs, luwe never been seen bctee^ aad.imvtir tSiiiB 
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qipeated. Several ancient accounts of such appearances: 
are extant, the discussion of which we may leave to the his- 
torian of astronomy; we shall therefore only quote three 
inch, recorded by the most eminent astronomers. Tycko' 
Brake observedi in 1572| a star in the constellation of the 
Cauiopya^ which appeared suddenly, of a brilliancy about 
equal to Venus, and after an ephemeric existence of about 
eighteen months, during which its brilliancy almost constantly 
diminished, was lost entirely, without having changed its po- 
sition at all during the time of its visibility. Suspicions of 
former apparitions of this star are not sufficiently supported to 
determine any epochs for it. From October, 1 604, to October> 
1605, a new star in the foot of the constellation of iSerpentoriiMr 
occasioned Kepler to give an ample discussion of his obser- 
vations ; its appearance was also sudden, and in great bril-* 
Uancy, diminishing continually until its final disappearance*. 
A third star of similar ephemeral appearance was seen in the 
head of the Swan, in 1670. 

A second peculiarity of some of the fixed stars, and per-- 
haps somewhat analogous to the preceding, is the periodic 
appearance or disappearance of them ; of these, we know at 
present only six, namely, o in the Whale^ x in the Swan^ the 
changeable star in Hydra, one in the Crown, one in the Lton, 
and one in Virgo, 

A third kind exhibits periodic changes of light without 
disappearing entirely. Such are Algol in the constellation 
of the Bead of Medusa, ^ in the Lyre, ii in Antinous, 6 of 
Cepheus, a of Hercules, and some others ; of some of which 
the epochs of the changes of light have been determined with 
a considerable degree of accuracy. 

A fourth subdivision may be made of such as have formerly 
shown a variation of brilliancy, but which now appear inva- 
riable in their aspect, as one in the breast of the Swan, and 
OM in the ccmstellation Virgo. 

Lastly, some appear to present a constant diminntiott of 
lighti as a i>riicaiiM» i Ursa majoris, fi AqwiUs ; while other« 
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appear to continue rather increasing in light, as one In Sagii* 
tarius, and one in Pegasus. 

^152. We again see all the combinations which are poi^ 
sible in their variability of light, in some measure, presented 
to us in actual observation ; we may still quote some detuls, 
with the view to give some idea of their possible causes, and 
even the scope of speculation with which they may supply 
the imagination. 

The star Algols quoted above, has a period for the changes 
of his light, that is well ascertained, of 2 days, 20 hours, 
49 minutes ; of these, 3^ hours are employed in dimiaishuig 
its light from the second magnitude to the fourth ; the same 
time is again occupied in its return to the second magnitade, 
in which, therefore, it appears the rest of the time. For such 
a change, we might be inclined to account, by the revolution 
of an opaque body of considerable proportional magnitude 
around the fixed star, or sun, when we consider, that were 
we to see our solar system from a distance, the passage of 
the larger planets before the sun might present an analogous 
phenomenon; at the same time the opaque and smaller 
body must disappear to us, in the proximity of the lummous 
central body, as we observe in the approach of the planets 
to the sun ; and the result, at our distance, where both bo^Uei 
no longer subtend any ascertainable angle, can only show 
itself as a diminution of the light which the fixed star itself 
presents. 

^ 153. That such may, and we might say, must, be the case 
with many, if not the most of the fixed stars, in a variety of 
gradations, and differently from points of view other than the 
earth, or our solar system, we have no reason to doubt, upon 
the simple consideration of what our own solar system 
might present at some proportional distance ; perhaps, how* 
ever, there may be a peculiarity in our system, in the circu|»- 
tance of the proportional smallness of the planets, which 
we must suppose to be varied in different proporlicnui in 
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the universe, like all the circumstances in natnre. In the 
constellation Cetus^ or the Whale, two stars present as changes 
of li'ght ; the one of them passes, in about three hundred and 
thirty-three days, through all the changes from the second to 
the tenth magnitude* 

The star in the constellation Virgo varies from the sixth 
magnitude down to the lowest, when it becomes invisible in 
common telescopes ; in forty days it increases from the 
smallest magnitude to its greatest light; in this it remains fifty 
days, while it remains of its smallest magnitude fifty-seven 
days ; so its whole epoch of change is about one hundred 
and forty-seven days. Upon the variable star in the Serpent 
observations have been made since 1662, by many astrono- 
mers ; these give four hundred and ninety -four days for the 
epoch of its change of light, between the fourth magnitude 
and less than the eleventh. The van wle star in the J^orthem 
Crown furnishes an epoch of three hundred and thirty-five 
days, varying between the sixth magnitude and nearly va- 
nishing. 

The variable star in Hercules has a period of fifty-nipe days. 
That in Sobiesky^s shield nearly sixty-nine days. The star j3 
in the Lyre has an epoch of only about six days and a half; 
ii Antinoi of seven days and a quarter ; ^ Cepheisj an epoch of 
about five days and one-third. The variable star in Aquarius 
has an epoch of three hundred and eighty-two days. 

<§ 164. We might enlarge the register still farther, but with- 
out particular advantage in this place. Much labour has 
long been bestowed upon this interesting subject. It is evi- 
dent that if the changes of magnitude, light, or brilliancy, 
as we may choose to call it, should be attributed to a periodic 
approaching or receding from us, we should have to lend to 
them a velocity too disproportionate to all those we are ad« 
quainted with, in a direct line backwards and forwards, 
of which we have no example, and which has little probability ; 
we may therefore rather suppose the suggestion made abovt 
23 
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in respect to Mgol^ to apply in a general manner to theft 
changes of light, namely, the revolutions of opaque planet* ' 
around them, which weaken their light periodically. To ez-* 
plain the yet incomprehensible phenomenon of the sudden 
appearance, in their greatest light, of the three stars first 
mentioned, with our present means of philosophy, we must 
have recourse to the supposition of an extraordinary destruc- 
tive catastrophe, of the ignition of a whole world, of a mag- 
nitude much superior to ours, or even a whole system similar 
to the solar system, at an infinite distance from us ; for the 
magnitude as well as the fixity of the phenomenon, which 
presented no annual parallax, evidently leads to both these 
suppositions. Unwilling as we are to admit that nature woald 
destroy her own most extensive and splendid works, we are, 
however, even on this supposition, within the circle of our 
experience, in the small scale of our daily observations, 
where successive changes in the state of matter, apparently 
present us with corresponding phenomena of continued de- 
struction ; and we have been led to the discovery of some 
of our fellow travellers in the solar system, the small planets, 
by the same supposition. Considering this catastrophe from 
the elevated position which we may assume, such a phenome- 
non among the multiplicity of worlds, in the long interval 
of time, might be considered no more extraordinary, or 
against the order of nature, than the death of a man, whose 
brilliant or moral attainments aod actions appeared to deserve 
for him continuance in life, and rendered the benefit of his 
constant activity desirable to his fellow men. Future le* 
appearances alone can lead to the discovery of epochs^ if there 
should be any, for their appearance. 

^ 155. Lead by observations and calculations to that 
station, where the astonishment at first excited by a new phe- 
nomenon is resolved into reflections upon its causes, based 
upon theories and calculations, which have represented tbe 
previously observed phenomena with an accuracy at fint 
hardly suspected, we are not astonished to see fixed stars, or 
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suns, as we are accustomed to consider them, performio^ 
revolutions around each other ; that is^ the discovery odaiel' 
Utei to the fixed stars^ as Mayer of Mankeim first announced 
these phenomena, about half a century ago. Instead of 
opaque bodies, luminous bodies, that is^ such as are of suffi- 
cient mass to become luminous by their heat, also revolve 
around each other, or rather, around a common centre of 
gravity, exactly as we have found the sun and the planets, 
and the satellites and their primary planets ; so we must ex* 
pect to find other bodies, whether luminous or opaque, re^ 
volving around suns, and varied in magnitude and number, 
as far as nature is varied in all her works. 
"^ Such revolutions have really been found to take place be* 
tween most of the double stars; Mayer^ in observing the 
double star a Hercules^ found it to present very difierent ap- 
pearances from those previously recorded by Bradley^ who 
saw the small star preceding the principal and larger one, 
while he found it evidently following ; it had before appeared 
only half a second distant from the larger, he saw it at 7'' 
distance. Soon after, several more such secondary iters were 
discovered around it. Mayer, on comparing the situation of 
the secondary star, of ^ Cygni, with that given by the obser- 
vations of Flamsteadj found it to 'have gone northerly 19'',3« 
These stars have since performed the greatest part of a revolu- 
tion around their centre of gravity ; as they are, besides, among 
those that have what is called a proper motion, it will at once 
appear that these two circumstances must combine together 
in the production of this change of place. 

Thus we have by gradual steps, and almost unawares, ar- 
rived at the result or phenomenon of solar systems, perhaps 
even composed of more than one sun, with planets and satel- 
lites, tracing a path in the immensity of space, in a revolu- 
tion as yet inextricable ; and, as we must conclude from the 
slow path, in an epoch exceeding by far all our ideas of his- 
torical annals* 

The change of place of secondary stars is also observ- 
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able in stars having no proper motion. The star Arctunu^ 
which by common means presents a great brilliancy, or,' as 
it is usually called, magnitude, Mayer immediately found 
to contain a whole cluster of such stars ; these secondary 
Stars are generally of the eighth, ninth, tenth, and even lower 
magnitude ; of a pale and quiet light, varied in its colour. 
As more such examples of revolving double stars were 
immediately quoted, besides the above, a Arietis ; cor Caroli ; 
Rtgvius ; h Bootes ; s and y Delphini; ri AndromeicR ; f** and 7 
Cigni; ^Lyra; ^Aquarii; u Pisces. 

The same discoverer also announced stars to be single at 
liis time, which in other catalogues were stated as double, 
thus recording the moment when, by their situation, their 
secondary stars were hidden behind the primary ; •such was 
the star € of SagiUariu$^ 

^ 156. These observations have since been pursued farther, 
and some of the data more accurately ascertained; and sys- 
tems of three fixed stars have been found to revolve around 
iemch other. From the fact we have stated, that minute quan- 
tities are all that we can see of motions and bodies, undoubt- 
edly much superior to all those we have treated of in detail, 
in the three preceding parts of this volume, it is not aston- 
ishing that the exact determination of the laws and pheno- 
mena has as yet escaped our investigation. But what we 
have discovered in the magnitudes, positions, and motions 
of the fixed stars, that is, in all their proportions of mass 
motion, and geometric position, is so closely connected with 
what we have found on a small scale in the solar system, that 
we neither can, nor indeed would wish to, refuse to find 
these bodies governed by the same laws, nor forego the de- 
light of comprehending the mechanics^ or mode of action of 
nature in her greatest work. 

No idea of magnitude or distance must deter us, when 
we are informed by a simple calculation, that a celestial 
body, in order to be visible to us at the distance of the nearest 
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possible fixed stars, that is, when the orbit of the earth 
ceases to subtend an appreciable angle, will need to be at ^ 
least two hundred and fifty times larger, or more brilliant, 
than the sun, (that is, it must be considerably larger than 
the orbit of the earth,) if its visibility was dependent on 
magnitude alone ; hence the secondary bodies of first and 
second rank, as we see them in our system, may also be 
so much more numerous, and greater in other systems. 
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CHAPTER IV. 

• • 

Of the Nebula ; General Views and Systems* 

§ 157. The greatest and most extensive phenomenon that 
can come within our observation — ^the last and highest in the 
•cale of our researches^ appears to be presented to us m the 
Nebulous Stars, We see, with middling good optical powers, 
a number of luminous spots, apparently scattered without 
regularity sometimes, nay, generally, surrounding one or 
more stars ; with increased optical powers, this light is 
decomposed into a number of stars, increasing with our 
power of vision, exactly as we have stated to be the ease 
with the milky way, in which some of these nebulosities 
appear to lie. A near examination of the appearances of 
the constellations of the Pleiades and the Hyades has already 
presented us an image of this gradual increase of distinct- 
ness of vision ; these groups of stars, which to some visions 
present a confused light, while others are capable of counting 
a certain number of stars in them, so that they become nearly 
a test of the different optical powers of different persons, are 
resolved into a certain determined number of stars ; but such 
is not the case with the nebulae, the full subdivision of which 
appears in most cases to lie beyond our reach, and greater 
optical powers continue to show always a greater number ; so 
that some of them, after the application of our greatest pow- 
ers, still have a mere whitish light } we also discover more 
such nebulae with greater optical powers. 

The oldest discovered nebulae is that in the belt of Andn^- 
MedEo, which was seen in 1613, and is suspected of having 
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been seen before ; its form is irregular ; it occupies about 
one quarter of a degree, with three white, pale, and unequal 
radii. Another is 1° 10' south of this, in the same coustel-' 
lation, but only about V in diameter. 

The most remarkable is that in the constellation of Orum^ 
discovered by Huygens in 1656; its form is also irregular, 
somewhat approaching the shape of a hand, it presents, bj 
its brightness, the gradual disclosure of an increasing number 
of stars, and an increase of the light in the other parts, which 
occasions the appearance of a change of form. It is one of 
the finest spectacles for contemplation with a great magnify- 
ing telescope ; it shows seven stars distinctly, or more deter- 
minately assignable. Not far from tliis is another nebulee, 
which, with an apparently central star, shows a whitish disk 
nearly circular ; but it is very small in proportion to the pre- 
ceding. 

Pr€Rsepe in the constellation of Cancer^ a collection of 
thirty-six distinct small star^, when viewed with the telescope^ 
presents to the naked eye the appearance of a nebulae, Aur 
want of sufficient power of distinction. 

Between the constellations of the Balance and the Serpent 
is a nebula composed of an immense number of stars of 
very small magnitude, becoming more dense as they are 
nearer to the middle, where they are confounded in a strong 
whitish light ; nearly similar to this, is one in the constellation 
of Berenice. 

The number and variety of these assemblages of stars, 
that have been observed since the perfection of telescopes, 
have constantly increased ; at present, the catalogues present 
upwards of one thousand, of varied forms and magnitudes. 
The southern hemisphere has presented a number, and among 
them two remarkable ones, which become visible to naviga- 
tors on approaching the south of Africa, or the straits of 
Magellan in America. From this latter circumstance they 
have received the name of the Magellanic clouds ; they pra- 
sent the appearance of a smaller and a larger white cloud 
exactly like the^milky way. 
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Two other places ia the soathern hemisphere have excited 
some attention among the navigators in those seas, by the 
appearance of particularly strong darkness, from the com- 
plete want of stars between places abomiding in them, as 
between the two branches of the milky way, he. 

^ 158« After having obtained^ by actual observations upon 
the double stars, the positive proof of the revolutions of sons 
around suns, and found our expectation of the immense va- 
riety of the combinations, which nature may display in the 
arrangement of the heavenly bodies confirmed in the astro- 
nomy of the fixed stars, as in our solar system, by the later 
discoveries made in it, we maybe allowed to venture forward 
with boldness, in our speculations upon these multitudes 
of stars, which we find scattered over a space immeasura- 
ble even by imagination, and realizing the idea of Infinity. 
In the vicinity of our solar system, the minutiae of which have 
been so interesting to us, we have found a number of others, 
of which the details pass unobserved by us, although we can 
observe some general results in the double stars, or we might 
even say compound stars, and assign probable causes for 
other appearances, as in the case of the changeable stars.— 
With all these, we have found ourselves in such an immeusi^, 
both of number and distance, by extending that system in 
which we are to the limits of the milky way, that we are 
prepared to consider those difierent assemblages of stars re- 
duced to mere confused light, by the immensity of their dis- 
tance, as assemblages of fixed stars, with their secondary suns 
and planets, of the same kind as our own nebula, as we may 
now allow ourselves to call all qur brilliant scenery of a 
starlight night, as far as the naked eye discovers it. Thus 
we find Infinity filled with systems and collections of worlds, 
in such numberless quantities, that we might be tempted to 
suppose them to be created successively ; as we may be sure 
that even light, to bring us the tidings of their existence 
and form, must travel thousands of centuries to reach us«— 
Only one difficulty might occur to some readers in this, 
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namely, the supposed necessity of the immense magnitude 
of the fixed stars to render them visible at such a distance; but 
upon this head we must observe that it is a general optica} 
phenomenon, that the visibility of all objects whatever, de- 
pends not on their magnitude, but on the contrast of colour, 
or light and shade, which they present in relation to the sur- 
rounding objects. 

§ 159. Inreasoninguponthe various subjects of astronomy, 
we have gradually arrived at a station where all means of 
distinction and judgment leave us, except direction, forms, 
and time ; even magnitude and number becoming indiscerna- 
ble. These mathematical ideas are therefore the only means 
of registering these, the greatest phenomena of nature, until, if 
possible, we should acquire optical powers capable of dis- 
covering changes that may lead to the knowledge of magni- 
tudes. To this elevation of scenery, and abstraction, the hu- 
man intellect and its laws of reasoning have led us. By the 
Copemican system, and the discovery of universal gravitation 
in our solar system, we have obtained the knowledge of our 
proper station in the universe; if we find ourselves occupying 
no very predominant place, and still see such an abundance of 
means, objects, and beings, in penetrating into the details of the 
creation on earth, what a more elevated idea must we con- 
ceive of the diflerent and evidently superior parts of the 
nniverse ; should we refuse to admit them as destined to the 
enjoyment of intellectual beings, when .we see so many en- 
joyments to be derived already from what lies near us ? The 
number and the gradations that we observe on earth, we can- 
not refuse to admit to the universe at large; and when we 
presume to consider ourselves as the highest beings in this 
creation, we do no more than any of the animals around us 
evidently proves that it does on his part ; namely, to lay 
value upon every object, only in that proportion in which it has 
value for that animal ; and his fears are, like ours, directed 
against superior means of any kind. The general tendency 
24 



186 PART IV^ 

of all creatures towards happiness is a sufBcient proof that 
ft benign aim lies in this great Whole, for otherwise our moraJ 
and intellectual faculties and tendencies would be treacherouis 
to ourselves — a contradiction in morality as palpable as 
magnitude without extent would be in the physical world. 

^ 160. In leading our reader through the extensive and 
varied sceneries of the Universe, from eminence to eminence, 
we have stopped occasionally at prominent stations, to cause 
him to bestow a general retrospective glance, and some re- 
flections upon the connexions of the results with the surr 
rounding parts — the moral world, the intellectual assistance 
which astronomy has lent, and the benefits it has already be- 
stowed upon human society. Arrived, in our journey, at 
the very limits of our physical and intellectual means and 
abilities, where no guide remains to us, but geometric por 
sition and time, all simple magnitude of any kind being 
reduced to the mere possibility of indicating its presence by 
an indivisible point ; the immensity of this Universe, and the 
multiplicity of worlds, with all their infinity of creatures and 
objects of enjoyment, will, I hope, have occasioned some 
elevation of feeling, free from the mean attachment to phyr 
rical appearance and animal enjoyment. 

May it be allowed, from this station, to make a digression to 
overthrow a prejudice that is still often thrown out against 
astronomers, as unreasonable as ignorant, or, perhaps, mali- 
cious, which pretends to consider them as irreligious, and 
astronomy itself as contrary to religion, in an age which 
boasts of civilization and enlightened liberal views ; a proof 
of the slow steps with which the general mass of mankind 
follows the strides of the reflecting man, for whom mental 
occupation and enjoyment has more value than mere corpor 
ral pleasure. 

Truly, there must be a diflerence between the religipi^ 
ideas of a man habituated to consider all these worlds nqt 
as spread out for his idle gaze ; whose mode of acquiring hif 
knowledge of them is grounded upon truths as undeniable 
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Us exUtmce itself, and seeking' in sdl z rational aim ; wbife 
be finds immutable laws and order, he eannot refuse them to 
be the abodes of intellectual bekigs, endowed with facstties 
similar and superior as well as inferior to his^ eapaMe of 
feeling happiness and enjo3ring the same contemplations, and, 
We might say, capable of exchanging reflections with him. 
Sttch ideas are different from those of the ignorant, and mosdy 
corporally feeling man, who, in his presumptuous arrogan^ei 
considers himself the master of the creation, and foolifsbly 
looking down upon it as made for him alone, still trembles at 
ererj flash of lightning— an accidental phenomenon of oat 
ktnM)sphere, too trifling to come under our consideration ber^} 
—who, at the same time that he pretends to befieve himself 
the aim of all, experiences every instant his mean dependence 
npon eveiy one of the numberless combtnatioiis and incidents 
resulting from the laws of nature, without, and eveft against, 
hrs control. 

Will not a maw, with the devation of ideas which this set* 
ence gives, be induced with more liberal ardour and cheered- 
ness to add his share in promoting the good to which he sees 
all this order of the universe tend f How much greater is 
the satbfaction of doing good from these motives, than from 

■ 

the selfish impulse of fear of punishment, or hope of reward? 
How much more cheerful is life itself, passed under these 
impressions, than toiled through with fear and trembling ? 
Under such impressions, duty constitutes a pleasure, and mis- 
ibrtime loses its weight. — ^What an extensive Efe exchanged 
for the contracted one in ignorance. Must not such religious 
ideas be of more practical utility to humanity— mo^e co»- 
ducive to social feelings and happiness — than those grounded 
iipon fear, and with the secret reserve of ultimately mendkig 
any wroiig, ever so premeditated, by an empty Formula, a 
latdy I believe, without actually knowing what 9 Capabfe of 
rendering to himself account of the immutable laws which 
maintain this eternal order — convinced of its great and benign 
aim, he cannot be frightened by him, who, instead of hold- 
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ing. out the cheering prospect of moral enjoymeiit in the nsf 
of the human faculties to the promotion of moral good| 
lending to the Deity the vilest passions of man, dares to 
threaten with wrath and vengeance, in the name of the great 
maker of all this, for every idea different from his. 

^ 161. It will be proper to touch slightly upon a subject 
which is not yet admitted into the domain of astronomy di- 
rectly, nor decided really to belong to it, namely, certain ap- 
pearances of o.paque bodies between us and the sun, or masses 
of light, apparently more remote than our atmosphere ; such 
are, for instance, those of temporary large nebulse, or streaks 
pf light similar to the tail of a comet, though they may have 
heen visible for several hours ; they belong certainly to the 
class of atmospheric meteors, as well as the phenomenon of 
aerolites, of which it was also first thought, by some, that they 
yvere to be considered either as thrown to us by the moooi or 
as comets revolving around the earth; both suppositions which 
what has been said heretofore in this book will evidently prove 
impossible, without needing discussion ; all these are evidently 
explicable, upon well averred principles of natural philosophy^ 
to be chemical products of our atmosphere. 

Only such phenomena as presented a longer existence, or 
seen from several places, either had no parallax, or only such 
a one as would refer them to a great distance, are worth no- 
ticing in an astronomical light, because, being accidental^ 
they easily escape the notice of astronomers; therefore, also, 
the most of the accounts of objects of this nature being 
from spectators not sufficiently masters of scientific principles 
to guide their judgment, they must be considered and dis- 
cussed with great diffidence. 

At various times, black spots of small dimensions, similar 
to planets or satellites, have been observed upon the sun * 
thus, in 778, the 17th of March; in 807; in 1160; and in 1607, 
the 28th of May ; a dark body appeared to pass before th^ 
sun, which was suspected to be Mercury, but could not be it 
according to his well known course ; the latter observation 
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was made by Kepler with the naked eye, and therefore the 
body must have been much greater than Mercury ; later ob- 
servations of 17G2, and 1764, have shown spots of one half 
of the sun's Diameter, passing in a few hours over the disk 
of the sun, by gradual and regular motion, having the ap- 
pearance of round opaque bodies, but we know of no celes- 
tial body agreeing with these phenomena ; the suspicion of 
a satellite to Venus, and of a planet between Mercury and 
the sun, have of course been alleged in attempting to' explain 
these phenomena. In the year 1245, a brilliant star was 
seen'in the south, in the constellation of Capricornus^ of a 
planet- like appearance, which, in consequence of its reddish 
light, was taken for Mars ; but this was inconsistent with the 
true place of that planet. 

Separate accounts of these novel 'appearances, or stars, 
have even been written, in which these phenomena are re- 
corded, together with thdse of the stars of temporary ap- 
pearance, of which we have spoken above. Attention 
and an accurate register of the times and appearances, will| 
in the succession of time, clear up this doubtful point, and 
discover periods of return, if there be any regularity or per- 
manency in them ; until then, they must be considered as 
merely accidental as well as unexplained appearances, upon 
which our imagination is not yet furnished with any means 
for speculation, and which appear not to have any influence, 
or, as we might say, not any co-operation in the general 
action of attraction in our solar system. 
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the sun, and of its rotation. These two motions, their direc* 
tion, and the inclination to each other, under which they take 
place, do not appear to us as yet to have the same necessary 
connexion between each other, as we have found in the most 
of the celestial revolutions ; at any rate, our object in this 
chapter can only be to show the effect resulting from the one 
or the other, or their combination. 

The sun occupying one of the foci of the ellipse of the 
earth's orbit, if a line be drawn at right angles to the 
greater axis, this ellipse will be divided into two unequal 
parts, which, if measured by the angle in the centre of the 
orbit, will be respectively ninety-nine and a half, and eighty 
and a half degrees, and this difference increases about nine- 
teen and two-third minutes in a century. (Table I., line 18 
and 13.) This evidently occasions the earth to perform its 
revolution in the two parts in unequal times ; so that it is now 
seven days longer in performing the part in which the 
apogee lies than that in which the perigee lies. A similar 
difference also occurs between the two solstices ; this, there- 
fore, constitutes a difference in the duration of what we call 
the four seasons of the year. It thus happens, that when the 
sun appears to us north of the equator, it is farther from the 
earth than when it is south of it, and consequently the spring 
and summer of the southern hemisphere of the earth are 
shorter than those of the northern. The immediate conse- 
quences of this upon local climates, come rather under the 
scope of physical geography. 

§ 163. In the case of the earth, as in that of the other 
planets, the inclination x^f the axis of rotation to the orbit main- 
tains the same absolute direction, and the same inclination to 
the plane of the orbit, at least with very small oscillations of 
very long periods. Thus then the earth is carried around the 
sun in siich a manner as to present alternately the north or the 
south pole by preference, or both, equally, towards the san; 
this last roust evidently be the case at the two equinoxes, that 
is, When the lin^ from the centre of the sun to that of the 
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earth is perpendicular to the earth's axis. From this it fol- 
lows immediately that the two solsticial points are those where 
the greatest inclination of the same two lines take placei and 
that the maximum of this angle must be 23° 2T 57", on each side 
of the plane of the ecliptic, that is, the same as the obliquity 
of the ecliptic. In our denominations of these four points, 
which determine, as we see from this statement, the changes 
of the seasons, we again adopt a language similar to that we 
have already so frequently employed, expressing the actual 
occurrence, by the appearance it presents to an observer in 
the northern hemisphere. Thus, the equinox corresponding 
to 0° T, where the sun appears to pass to the northern side 
of her apparent orbit, is called the Vernal equinox; the solstice 
following, which, therefore, takes place when the sun appears 
the most towards the north, is called the Summer solstice ; 
the equinox of the fall is in 0° «^, or when the sun appears 
to leave the northern hemisphere; the Winter solstice, finallyi 
is when the sun appears at the greatest southern deviation from 
the equator. This is evidently, like all language, a mere matter 
of convention. This shows, that, generally speaking, the 
earth is only equally illuminated during one of its whole daily 
rotations, in two points of its orbit ; that is, in the equhioxes ; 
when in these points, therefore, all the parts of the earth have 
the day and the night of equal duration. In proportion as 
the sun appears to approach towards the one or the other 
pole, that is, when, by the position of the earth in its orbit, 
that pole is inclined towards the sun, the days increase towards 
the same pole^ and a proportional part of the earth around 
that pole never loses sight of the sun ; while on the opposite 
hemisphere, exactly the reverse takes place, the night be- 
coming longer ; that is to say, the sun is visible a less space 
of time, and around the pole of this hemisphere the sun re- 
mains then invisible during the whole revolution of the earth* 
<^ 164. Wherever we observe the eflect of the sun, we 
have always found heat and light united ; hence the circum- 
stances first described, as producing the different length of 
35 
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the sun, and of its rotation. These two motions, their direc* 
tion, and the inclination to each other, under which they take 
place, do not appear to us as yet to have the same necessary 
connexion between each other, as we have found in the most 
of the celestial revolutions ; at any rate, our object in this 
chapter can only be to show the effect resuhing from the one 
or the other, or their combination. 

The sun occupying one of the foci of the ellipse of the 
earth's orbit, if a line be drawn at right angles to the 
greater axis, this ellipse will be divided into two unequal 
parts, which, if measured by the angle in the centre of the 
orbit, will be respectively ninety-nine and a half, and eighty 
and a half degrees, and this difference increases about nine- 
teen and two-third minutes in a century. (Table I., Vine 18 
and 13.) This evidently occasions the earth to perform its 
revolution in the two parts in unequal times ; so that it is now 
seven days longer in performing the part in which the 
apogee lies than that in which the perigee lies. A similar 
difference also occurs between the two solstices ; this, there- 
fore, constitutes a difference in the duration of what we call 
the four seasons of the year. It thus happens, that when the 
sun appears to us north of the equator, it is farther from the 
earth than when it is south of it, and consequently the spring 
and summer of the southern hemisphere of the earth are 
shorter than those of the northern. The immediate conse- 
quences of this upon local climates, come rather under the 
scope of physical geography. 

^ 163. In the case of the earth, as in that of the other 
planets, the inclination x^f the axis of rotation to the orbit main- 
tains the same absolute direction, and the same inclination to 
the plane of the orbit, at least with y^yy small oscillations of 
very long periods. Thus then the earth is carried around the 
sun in such a manner as to present alternately the north or the 
south pole by preference, or both, equally, towards the san; 
this last roust evidently be the case at the two equinoxes, that 
is, When the lin^ from the centre of the sun to that of the 
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earth is perpendicular to the earth's axis. From this it fol^ 
lows immediately that the two solsticial points are those where 
the greatest inclination of the same two lines take place, and 
that the maximum of this angle must be 23° 27' 57", on each side 
of the plane of the ecliptic, that is, the same as the obliquity 
of the ecliptic. In our denominations of these four points, 
which determine, as we see from this statement, the changes 
of the seasons, we again adopt a language similar to that we 
have already so frequently employed, expressing the actual 
occurrence, by the appearance it presents to an observer in 
the northern henpisphere. Thus, the equinox corresponding 
to 0° T, where the sun appears to pass to the northern side 
of her apparent orbit, is called the Vernal equinox; the solstice 
following, which, therefore, takes place when the sun appears 
the most towards the north, is called the Summer solstice ; 
the equinox of the fall is in 0° "^, or when the sun appears 
to leave the northern hemisphere ; the Winter solstice, finally, 
is when the sun appears at the greatest southern deviation from 
the equator. This is evidently, like all language, a mere matter 
of convention. This shows, that, generally speaking, the 
earth is only equally illuminated during one of its whole daily 
rotations, in two points of its orbit ; that is, in the equhioxes ; 
when in these points, therefore, all the parts of the earth have 
the day and the night of equal duration. In proportion as 
the sun appears to approach towards the one or the other 
pole, that is, when, by the position of the earth in its orbit, 
that pole is inclined towards the sun, the days increase towards 
the same pole^ and a proportional part of the earth around 
that pole never loses sight of the sun ; while on the opposite 
hemisphere, exactly the reverse takes place, the night be- 
coming longer ; that is to say, the sun is visible a less space 
of time, and around the pole of this hemisphere the sun re- 
mains then invisible during the whole revolution of the earth* 
<^ 164. Wherever we observe the eflect of the sun, we 
have always found heat and light united ; hence the circum- 
stances first described, as producing the difierent length of 
25 
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day^i are also the cause of the difference of the seasoos ; tba 
efiect, however, is not exactly simultaneous, for we observe 
a retardation, corresponding to the time needed to arrive at 
the greatest effect ; the greatest heaC of summer, and the neat- 
est cold of winter therefore do not correspond to the greatest 
elevation or depression of the sun, but occur some time later ; 
still our division of the seasons is independent of this, and made 
to coincide with the four principal points of the position of tba 
earth's axis, in respect to the direction towards the sun, wbicb 
evidently coincides with what we have called, in the revolntioB 
of a planet|its radius vector at the time. From the equinox, by 
which the sun appears to enter the hemisphere, the setison of 
which is to be indicated, till the solstice taking place to* 
wards that pole, is called the Spring of the corresponding 
hemisphere. From this solstice to the equinox at wbick 
the sun appears to pass to the opposite hemisphere, is called 
Summer; from this point again, to the solsticial point opposite 
to the one first stated, is Fall; and from thence to the first 
mentioned equinox, is Winter. These points, therefore, 
for our northern hemisphere, in their order of succession^ 
correspond to 0° Aries ; 0° Cancer ; 0° Libra ; and 0** Ca- 
pricorn : while, for the southern hemisphere, the spring 
will begin with 0° of Libra, and the order of the seasons 
continue thence as above. Hence, the two hemispheres of 
the earth, on the two sides of the equator, have always wbat 
we may call opposite seasons. 

^ 165. From the circumstance of the inclination of the 
equator to the ecliptic, . in conjunction with the motions 
heretofore explained, arises the principal subdivision of the 
earth into Zones^ or belts. The most marked distinctions 
which arise from this are as follows : 

That part of the earth which lies within distances, on 
the two sides of the equator, that correspond to the apparent 
deviation of the sun, or nearly 23° 28', on each side of the 
equator, is called the Torrid Zone, All the points of the 
earth's surface within this limit will twice in the year ikll 
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in the straight line joining the centres of the sun and earth ; 
that is, they will hav.e the sun in their Zenith : This will 
be the case until to those points that have the same latitude as 
the Solstices, where this phenomenon can evidently occur 
but once. 

As no more than the half of the surface of the earth can 
be illuminated at once by the sun, it is evident that in the 
neighbourhood of each of the poles there must be always a 
part which loses the sight of the sun ; its distance from the 
pole will correspond to the deviation of the sun from the 
equator ; the part of the earth subject to this phenomenon 
must extend, on both hemispheres, to such a distance from 
each pole, as will correspond to the obliquity of the ecliptic, 
or 23° 28' nearly. The part of the globe stround the pole, 
thus marked off, is called the Frigid Zone, which evidently 
occupies the same distance around both poles. 

All the intermediate parts of the two hemispheres of the 
earth, namely, from the distance 23° 28' (approximately) from 
the equator, and from the poles on each side, where all the 
changes between the two extreme cases stated lake place, 
form the Temperate Zones of the earth, which, like all that 
we see aboutus of a medium quality, form the greatest portion 
of the earth's surface. 

The principal distinctions which have furnished these divi* 
Slops are strikingly evident, and their limits are well deter* 
mined. They form less circles of the terrestrial globe, 
which are parallel to the equator, whence they have, like all 
such circles of the sphere, the general denomination of i^a- 
ralleU. The two parallels dividing the torrid zone from the 
two temperate zones are called the Tropics; those surround- 
ing the poles, at the same distance from them as the tropicf 
are from the equator, are called Polar Circles^ which, there- 
fore form the division between the temperate zcmes and the 
frigid zones. These denominations are taken from the phe- 
nomenon that most affects the feelings and the enjoyments of 
man, namely Heat^ which is the principal cause of vegetation 
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oo the earth, as well as of the existence of the animated 
creation. The gradual succession of changes resulting from 
it| and acting upon human beings in the different parts of the 
eartbi are of great importance in determining the manner of 
their existence, and, therefore, in fixing their moral or intel* 
lectual state ; these, however, are always more equalized by 
the progresses of civilization. A more close investigation of 
this snbject is of great interest in the history of civilization, 
as well as in the future improvement of the human race ; but 
is entirely foreign to the object of this work. 

If the whole surface of the earth be supposed to be repre- 
sented by the number 1000, the proportion of the superficial 
contents of the different Zones will be as follows : 
The Torrid Zone will be expressed by 398 
The two Temperate ZoneSy .... 520 

The two Frigid ZoneSj 82 

Or more accurately : According to the most modem de- 
terminations, the Torrid Zone is equal to 202784 

Temperate .... 264364 
Frigid 42118 



Total, 509266 
Though no well-ascertained and regular law for the diminu- 
tion of the temperature of climates has as yet been discover- 
ed, an approximate result appears to be presented by the 
product of about 49^ of Farenheit's scale into the square of 
the cosine of the latitude, (that is, the square of the distance 
fr(yn the earth's centre to the perpendicular drawn from the 

point on the earth's surface to the plane of the equator). 

But this variation is of course very much influenced by local 
circumstances, which act according to the general laws of 
nature, upon the absorption and communication of heat in 
liKfllerent substances, and their different state. 

The greatest and most general influence of a local nature 
is the elevation of the place above the level of the sea, wbicii 
18 to b^ considered as the general surface of the earth, ac« 
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cording to well founded philosophical principles. For equal 
latitudes it is always found thj»t the heat diminishes wiih the 
increase of elevation above the sea; and even in penetrating 
into the earth, we find an augmentation of the mean tem- 
perature. 

§ 166. The variation in the length of the day and night, in- 
creases constantly from the equator towards the poles. Under 
the equator, the sun always appears to rise perpendicularly 
from beneath the horizon ; the days and nights will thence be 
equal all the year, with that difference only, which we have 
in its proper place designated by the name of the variation 
of the equation of time ; only the half of which is of course 
sensible in that diflerence. 

When the point in the equator, which is under considera- 
tion, is in the plane passing through the centres of the sun 
and the earth, and perpendicular to the equator, or in its 
transit through the meridian of a place, the zenith distance 
of the sun will always be equal to its angular distance from 
theequator; that is, to its declination. As we proceed from 
the equator towards either of the poles, the length of the 
days becomes unequal, and their difference increases with the 
latitude. In every place between the tropics, the sun will 
pass twice every year through the zenith ; it will, therefore^ 
be seen on both sides of the zenith alternately. 

At the parallels of the tropics, the limits of the greatest de- 
clination of the sun, or about 23°28'on either side of the equa- 
tor, the sun reaching the latitude of the place only once in a 
year, it will appear once every year in the zenith, and all the 
rest of the year on the same side of it ; its greatest distance 
from it can be no more than twice the obliquity of the eclip- 
tic. The first of these cases takes place at the solstice of 
the same name with the latitude of the place ; the last at 
the corresponding solstice in the opposite hemisphere ; that 
is, in the northern hemisphere, the first at the solstice of 
Cancer f and the second in the solstice of Capricorn; and at 
these points the difference between day and night is already 
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nearly two hours from the equality, or 12 hours. Thest 
same points will also determine the times of the longest or 
shortest day, for the whole hemispheres in the same order ; 
the difference increasing constantly with the latitude, until at 
the polar circles the length of tlie day or the night will vary 
the full time of the earth's rotation around its axis, in the 
above extreme cases. 

Besides this, at the two polar circles, the sun appears 
nearly two days above the horizon by the mere effect of the 
refraction of our atmosphere, of which we shall have to speak 
hereafter; and other phenomena peculiar to the atmosphere 
of these climates vary the appearance of their days and 
nights differently from any thing we are accustomed to see 
in the middle latitudes. 

§ 167. We have often been obliged to make use of certain 
denominations of planes and lines, transferring pure mathe- 
matical ideas to their application in the material world. 
These are so generally known, that I considered it permitted 
to make use of them before I bad accurately defined them, in 
the manner that Astronomy and the mathematical consider** 
tion of the earth makes use of them. By defining them now, 
we shall unite what we have said of the manner of determin- 
ing the positions of the fixed stars, and the celestial bodies 
in general, with the geometry of the earth itself. 

The plane which appears to us extending around' us at 
an undetermined distance, and thence appears limited by a 
great circle surrounding every observer, is called a horizon^ 
tal plane, and the great circle terminating it is the Horizitn. 
To this plane we erect a perpendicular through the point of 
observation, which we consider also as extended infinitely« 
both above and below this horizon. The point over onr 
head, to which we refer this perpendicular^ is called the 
Zenith or Vertex ; and that in the opposite direction, whichf 
therefore, it is always impossible for us to see, is called the 
Nadir. Thus we form a mathemaiical sphere aroimd every 
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observer, or point on the earth's surface, which naturally 
furnishes the fundamental points of reference for any position 
of the celestial bodies, as well as for that of different partt 
of the earth, so far as they mutually lead to conclusion! 
by means of observations. Perpendicular to the plane of tiie 
horizon, we imagine a plane through the vertical line and 
any point whatever that may come under consideration^ 
which we call, therefore, a vertical plane ; and the circle to 
which it is referred, at any infinite or unlimited distance, is, 
therefore, a Vertical circle. The extension of any such plan^ 
on the other side of the horizontal plane, that is to say, in the 
hemisphere beneath the horizon, and ever invisible to us, 
evidently passes through the Nadir. 

The sphere thus determined in a mere imaginary manner 
for every observer, obtains its determined position, and 
what we would consider as Fi^ty^ if we were not already in*' ^ 
formed of the complicated motions of the earth, on ae^ 
count of the line of the Zenith and JSTadir being in co* 
incidence with the direction of gravity at every point; 
the horizon becomes a plane tangent to the surface of 
the earth at that same point. The Meridian of a place will 
form one of the vertical planes just described ; we thus ob- 
tain the plane of the meridian as a second determined plane, 
to which to refer all the motions of the celestial bodies ; it* 
position in respect to the horizon is therefore constant, for it 
will pass through the zenith, and those points to which, at 
we have seen, the prolongation of the earth's axis is referred, 
namely the Poles. Here we join the mathematical divisions, 
referring to the earth, to the phenomena which we have 
found in Part III. Chapter 3, to result from its revolution 
and rotation ; and we easily see the coincidence of the situa* 
tion of the place upon the earth in respect to the sun, witb 
die passage of the sun through the meridian of the place ; tbt 
former being what we might call the external, the latter the 
internal aspect of the same phenomenon. The lesser circles 
of the earth, parallel to the equator, passing through any 
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point of its surface, and which we have seen to be call^ 
Parallels ofjihitude^ must of course refer themselves to the 
senith, as above stated ; for they must equally refer to the di- 
rection of gravity, cut the meridian perpendicularly in the 
Benith, and be tangent to the great circle perpendicular to it« 

This would be the state of things if the earth were a per- 
fect sphere, wliich we know is impossible, according to the 
laws of gravity and the nature of matter in general* The 
deviation of it will form an object in the next chapter, where 
a short general idea of the actual figure of the earth shall 
be given. 

§ 168. The principles of the preceding section evidently 
give the fundamental ideas of all instruments intended fbv 
astronomical observations. We have given, by nature, -for 
mathematical use, two circles perpendicular to each other ; 
and their direction, together with the perpendicular to one 
of them, namely the direction of the gravity; if we place^ 
therefore, by this means, the one circle in the horizon^ and, 
turning upon the direction of gravity as an axis, bring the other, 
or vertical circle, into the plane of the meridian, we shall be 
enabled to observe the time when this mechanical meridional 
circle coincides with the direction towards any star in the f 
course ofits rotation with the earth. This observation is caWed 
the Transit of a star over the Meridian, which, therefore, is 
indicated by the Time, By the angular distance from the ze- 
nith at which this star will appear to pass it, we obtain what 
is called in astronomy its Meridional Zenith distance. It is 
evident that we may equally refer this angular distance to 
that from the horizon ; because the zenith being distant 90^ 
from every point of the horizon, this distance from the hori- 
zon, which is called the Altitude, must be the difference be-. 
tween 90° and the zenith distance of the same point. In thus 
placing our two circles, we have chosen the simplest possi- 
ble case for observation, and at the same time the most effi- 
cient and roost accurate. Placing the vertical circle under 
any required angle with this meridional position, we measure 
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Qf course, on the horizontal circlei the angular distance of 
any other vertical circle from it ; this angle is called the 
Azimuth of any vertical, or point in that vertical. Here 
again we may, therefore, determine the Zenith distance 
or Altitude of a point in any vertical that lies out of 
the meridian ; and this will be the most accurate means of 
determining it; the latter will therefore be resorted to 
whenever the first is not possible. 

§ 169. Observatories upon the best modem construction 
are therefore principally furnished upon the first of the above 
principles ; and, as simplicity always tends to accuracy, the 
general instrument which we have supposed above, is still 
divided into two more simple ones ; namely : first, a simple 
Tthseope^ revolving with the greatest accuracy in the ver* 
tical plane of the meridian, and which, therefore, wilLserve 
to observe the time of the transit of any celestial body through 
tliat plane ; this time, compared with that of the passage of 
any other star, will give what in astronomy is called their 
difference of Right Ascension. These, we have seen, are all 
referred to the point of 0^ T. The second instrument is a 
Circle, placed in the same plane of the meridian, and there- 
fore vertical, or perpendicular to the horizon. By this circle 
the point in the meridian to which any celestial body is referred 
in its passage is determined ; and thereby its angular distance 
from either the Zenith or the Horizon, and is called, as the 
case may be, the Zenith Distance, or the Altitude. With 
this circle, therefore, we determine the difference of altitude, 
or zenith distance of two celestial bodies; as we have seen 
that the poles of the earth also lie in this vertical circle, we 
may easily see that we thus obtain a means to refer these ob- 
servations to a comparison with the place of either of the 
poles in this circle, or to determine their polar distance. We 
have here again a case similar to what occurs for the horizon 
and the vertex ; referring these angular distances to the plane 
of the equator, to which we know the poles to be perpendicular, 
26 



we obtain (as a compleineDt of the polar distances) the angular 
distances from the equator, which are called in astronomy the 
Declinaiion of the heavenly bodies. 

In the meridian, therefore, the coincidence of the two spheres 
which are formed, the one upon the horizon and the other 
upon the equator, takes place, and in this ail the most accu- 
rate! astronomical determinations are made with the greatest 
facility, and most near to what we may call the point of 
janction between pure geometry and the most iarariable law 
of niture, ChavUy. . 

4 170. For the determination of the place of a heavenly 
body, when out of the plane of the meridian, we evideoily 
see that we are reduced to our two first circles, ^aralU and jm^*- 
pendicular to the horizon ; from these we must deternune ever jr 
other position, by the assistance of the Time; Or by a com- 
parison with a known point in the celestial sphere ; . or by 
means of the Azimuihal angle itself, by referring it to that 
which it would occupy in the meridian; and thence we obtain 
the corresponding right ascension and d'eclinadon, hy which 
it is transferred to the celestial sphere in general. 
- Recent improvements in optics have given birth to another 
kind of instrument, by which angles are measured in the 
plane perpendicular to two mirrors, namely, reflecting in- 
struments ; circles, or sectors of the same, are made upon 
this principle. The accuracy of the principles employed, 
aiyl the great aptitude of those instruments to every Idnd 
of observation at sea, has brought them to so high a degree 
of perfection as to vie in point of accuracy with instruments 
of other kinds of much greater magnitude. It is evident that 
in this case, the angle measured being necessarily always in 
the plane passing through the observer and the two pomts 
observed, it will necessarily also obtain the altitudes, or le- 
nith distances of the two points observed, and thence the 
time of the observations. From these, by means of mathe- 
matical calculations, we must ultimately obtain the position 
which any celestial body occupies, whether we may have ob- 
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served it in the meridian itself^ or out of the same ; both of 
these are equally possible with this kind of instrument. 

§ 171. We require instruments for measuring time with 
more minuteness than can be done by a single revolution of 
the earth, not only for the general consideration of astrpnomy^ 
but in the detail of observations. 

To do this with great ' accuracy required, of course, a 
very advanced state of improvement in mechanical skill, and 
the application of natural philosophy; to this, and to the 
great value which the accurate determination of the time at 
sea possesses in the determination of the longitude, we are 
indebted for a very great perfection in time-pieces, both 
in the form of Clocks^ as used in fixed observatories, and 
of Chronometers^ which are transportable with more or less 
facility, according to the use they are intended for. 

In treating of the subject of instruments of astronomy, we 
can do no more than give the very first elementary principles. 
These, when accuracy is desired, must be approached as near 
as possible ; and, the greater the accuracy that is required, 
the nearer must the instrument used in the observations be. 
brought to the simplest elements; mathematical science is 
sufficiently improved to deduce from observations thus ob- 
tained any desired result with complete accuracy, and this 
can never be obtained by making the instrument itself per- 
form the calculation. 

^ 172. We have seen that the meridian of any place 
passes through the vertex of that place, and the poles of the 
earth ; we have also seen that by measuring the meridional 
altitude of any celestial body, when we know the position of 
the pole in the meridian we can determine the polar distance 
or the declinadon of that celestial body. Inverting this prob- 
lem, and having the declination of a star well determined, we 
may evidently determine in return, the zenith distance of the 
pole, or its altitude ; or the angular distance of the equator from 
the horizon, or of the Zenith from the Equator. This last cor- 
responds to the angular distance of the place of observation 
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from the equator, which is called the latitude of the place ; 
for the vertical line, or direction of gravity, corresponds, as 
we have seen, to a radius of a sphere tangent to the place of 
the horixon, which would be at the same time that of the 
earth, if it were a perfect sphere. 

It thence results, that by observing the meridional aldtude 
of any celestial body, whose declination at the moment is 
exactly known, we are able to find the Latitude of the place. 
The elevation of the pole towards which this latitude coants, 
above the horizon of the place, is equal to it, because, on 
leaving the equator to proceed towards either pole, it is evi- 
dent that this pole appears to elevate itself more and morie 
above the horizon, and being a fixed point in relation to the 
rotation of the earth, it never passes beneath the horizon of 
the place in the course of this rotation. Thence the altitude 
of the pole is equal to the latitude of the place. 

^ 1 73. We have already seen how the difference of Xron* 
gitude of two places on earth is determined, by the simulta- 
neous observation of a certain instantaneous phenomenon; 
one in which the moon is concerned being usually taken ; be- 
cause that satellite has the most rapid apparent motion ; we 
may here quote such other methods as refer to time simply, t 
or to transits over the meridian. If we suppose an accurate 
time-piece, that shows the time of one place, to be transported 
to any other, we shall find it to show as much difference be- 
tween the meridian transits of a celestial body (for instance 
the sun) at the two places, as corresponds to the difiference 
between the meridian of the two places, and considering the 
three hundred and sixty degrees of the circumference of the 
earth, to perform a rotation in twenty-fbur hours, we can, 
by this proportion, easily reduce this difference of time to 
the difference of the degrees of the equator, which denote 
the difference of longitude. It may even be indicated in 
either way indiscriminately. 

The great velocity of the moon's motions allows us to 
eempart the time of her transits through two meridians with 
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those of stars near her, in order to determine their dif^ 
ference of longitude ; because this velocity of motion will, 
for the difference of absolute time of the two observations, 
indicate a proportional motion of the moon, for which the 
perfection of the lunar tables at present indicate a certain 
time necessary to perform it, which will again be the differ- 
ence of longitude between the two places. 

There is no determined point given by nature, from which 
the longitudes on earth should naturally begin* Astronomers 
count from the most convenient, well determined, observatory, 
for which Paris and Greenwich are the most used, because 
the most extensive tables of those differences are given for 
them ; for geographical maps, and particularly those on a 
globular projection, the meridian of the island of Ferro 
was long, and is generally yet, called the first meridian ; sni, 
to give it a fixed determination comparable with the obser- 
vatories, it is assumed to be twenty degrees west of the ob- 
servatory of Paris. 
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CHAPTER U. 



Figure of the Earth, and its consequences. 

§ 174. The general principles of natural philosophy in- 
dicate, that the figure of any body whatever most be the re- 
salt of the forces acting upon the different parts of matter 
which compose it. For the celestial bodies, we have the 
most perfect freedom of matter, in kind, quaotity, and all 
its general properties ; we find it, besides, under the most 
simple and general law, namely, that of Universal Qravi- 
tation. Adding to this the influence of the rotation of 
the earth, as the datum, or individual case, under which 
the general law acts, in the production of the figure of the 
planets, we must expect to find this figure, what is called lo 
mechanics, a Resultant of the combination of two compound 
forces J namely : the Attraction towards the centre of gravity 
of the body, and the Centrifugal force produced by the velocity 
of its rotation, on the one side ; and the Density and CoJiesion of 
the matter composing this celestial body, on the other. The 
equilibrium between these must produce the actual form of 
the celestial body. 

It is evident from this, that the data to be obtained for the 
determination of the minute consequences, would also require 
a detailed knowledge of the component parts, or the kind 
of matter composing the celestial body under consideration ; 
to this the two forces just stated, and well determined by the 
laws of celestial mechanics, would then be applied. As long 
as we suppose matter uniform in state, and therefore in density 
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and cohesion, under the influence of gravitation and the cen* 
trifugal force, we obtain a solution of the problem in a simple 
approximate form, as astronomy presents the planets to us, 
namely elliptic bodies. But when we consider the earth with 
the interest so natural to man, and even so necessary, for an 
infinity of cases, and minute scientific inquiries, the result in 
this general form has proved insufficient. Actual measure- 
ments upon the earth's surface, and observations of the me- 
chanical effects of the earth's attraction, have shown differ- 
ences, which, though tliey would be unimportant for celestial 
bodies, seen at a distance, are observable, and worth our in- 
quiry, when our own abode, the earth, is under consideration. 
. ^ 176. Willing as we should be to adopt, as most simple, 
and therefore most conformable to the laws of nature, that 
t!be axis of the earth's rotation should be exactly the smaller 
axis of the ellipsoid, corresponding to the effect of the cen- 
trifugal force, and due to the velocity of the rotation of a 
body, or planetj of equal density in its whole ^nass ; we know 
already too much of the observable influeuce of the ellipsoidic 

• 

figure of the earth, compared with that of the mere spheric 
fiNrm, in the modification of the general result of mutual at- 
traction, not to be apprised of the necessity of attending ta 
the more minute circumstances; the inequalities of the sur^ 
face, and the different specific gravity of the different parts, 
for instance, deep sea and high mountains, may show, by the 
simplest reflection, that when we enter into this inquiry with 
means of minute accuracy, their effect must become sensible 
to us ; and what we expected to present perfect Geometric 
regularity, must be the figure corresponding to the Mechanic 
cal equilibrium of all the parts of the earth. 

Such is the present state of the theoretical question, in 
respect to the figure of the earth, to discuss which in full is 
the scope of mathematical analysis ; we have, therefore, 
noticed it here as far as is possible, in laying down the above 
principles. It rather belongs to our plan to state some of 
the principal results lutherto obtained j and thesejjL even with- 






out entering into the more minute details which belong to 
Gtodray and Experimental Philosopliy. 

% 176. The simplest idea of all must naturally be to de- 
termine, by actual meaiUTement, ihe Magnitude and the Figure 
of the earth simultaneously, upon the hypothesis, that the 
curve generating the solid, and which, therefore, forms its 
principal section, is regular. The measurement of cer- 
tain parts of this generating curve, and the determina- 
tion of their position in it, and thence the corresponding 
segments which they represent, that is, the angle they sob- 
tend at the centre of it, will determine the whole curve, and 
consequently both its magnitude and figure ; by these meani 
the magnitude and figure of the earih can be found. I^x- 
tensive works have been made upon these principles at dif- 
ferent times, and in different parts of the earth ; at first only in 
a rough manner, and under the suppositioo of the earth being 
a Sphere ; but of late with means of accuracy sufficient to 
prove IrregTilaritiei, of which the causes may lie in the above 
principles, though we are as yet unable to bring them under 
a law sufficiently conclusive to decide upon the minute de- 
tails of the problem. We have already staled that the best 
combination of the results of the various determinations of 
the oblateness of the earth give it in round numbers ^{-^ of the 
equatorial diameter, or according to other calculations ^^;.7. 
The magnitudes corresponding with these same calculations 
and results, give to the equatorial radius of the earth 20925700 
feetEnglish, and to the polar radius 20S58196 ; that is, for 
the difference between them, or the flattening, 67502 feet; 
the degrees on the equator become thereby 365223 feet. 
The two first data already suffice to determine all the di- 
mensions of the earth. 

^ 177. Having mentioned the principal dimensions of the 
earth, we might extend them into details, which, however, 
present neither special interest, nor any difficulty to the in- 
quirer, and are omitted here : we will quote only a com- 
parison of them with the effect of the rotation of the earth. 
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which {^adses minodc^d by os, notwithstanding its nmgiiltdde, 
and its difference in the principal parallels ; this consbts in 
the velocity of motion which each point in these paraUeb 
Imls per second, and which are as follows :— • 

Under the Elquatory the velocity per second is 1519,4 feetw 
• Under the Tropics, ••----- 1014, 

At the Polar circles, ----*-- 606,1 

Such is the rapidity of dnr constant motion by the rofor 
lidn.of the earth, to which we are entirely insensible. 

§ 178. The great inconvenience felt, in the exten^ioii of 
tbe c6nmurications of the human society, and particulafrly in 
jcommetcfe,. has long since pressed upon roan the desire of un^ 
SffUm weighty and measures^ founded upon nature, and follon^ 
ing a single connected system^ But the physical propensity 
to continue in the state and habit that has become familift^, 
which, in the moral worldy efxactly corresponds to Inefiia ih 
rmechanics, has hitherto fi'ustrated the different attempts Mnadie 
a£ various times ; and it seems diat also in- thi6 parti^ulAr, our 
approaches to re^on are only by an> oscillating motion, gtik* 
dually coming to the tme principle. A great work, escecuted 
-wider circumstances unfavourable to science, because it was 
' considered with the partial eye of political Ambition and strife, 
has deduced from the data which have been quoted before an 
universal unit of length measure, from which all other mea- 
sures, and also the unit of weight, were deduced. From the 
measurement of 12° of the ellipse of a meridian, compared 
with other measurements in other parts of the globe, thie length 
of the whole quadrant, or fourth part of tbe earth's meridian, 
was deduced, and the ten millionth part of itr taken as a fun- 
damental unit, (which contains 39,381022708 inches English,) 
and was called Metre. This has already been adopted ex- 
tensively in the scientific world ; because, besides its goodness 
of principle, and the great scientific operation, impartially 
discussed by scientific men of many nations, upon which the 
result has been grounded, its actual unit has been executed 
27 
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niih great accuracy, and in considerable number. The ac- 
curacy obtainable by this means, for such an unit of length as 
comes •within convenient use in common life, being probably 
superior to that obtainable by the length of the pendulum, 
U^_ or otber similar methods, under the supposition, that the nnit 

^^K being lost, it becnme necessary to replace it from nature it- 
rl self, it is probable that the nations of the earth will agree, 

at some future time, at least by the medium of the men of sci- 
ence, in the use of this or a similar unit of measure, grounded 
upon the dimensions of our globe. 
I' ^ 179. By tbe law of universal gravitation, heavy bodies 

L will, on every planet, and therefore on the earth, fall with a 

t determined velocity, which is indicated in Table II. But 

[" informed as we are of the principle, that this attraction, and 

I this fall, which is a consequence of it, depend on the distance 

I from the centre of attraction, for which we may as yet ac- 

I cept in a general way the centre of the earth, and that upon 

I ^1 tbe earth we find ourselves at different distances from this 

I centre, according to the principles of its elJipsoidic form, we 

must be aware that the velocity of this fall must be different 
I in different latitudes, and at different elevations above the sup- 

face of the earth. Still, to observe this effect under that 1 

form, would exceed our means of nicety of distinction. 

By the Pendulum we have a mean to bring this force into 
activity, and under observation, in a form and manner which , 

is at once easy, and susceptible of considerable accuracy. 
Thence we see immediately that, following the same method 
of inversion that must rule in all experiments of natural 
philosophy, we may by the pendulum ascertain the figure of 
tbe earth ; though here, as in all cases of a similar nature, 
the many influencing accessaries must necessarily be taken 
into account, in deducing any result whatever. 

The Pendulum, it is well known, presents a heavy body 
suspended from a fixed point, perpendicularly beneath which 
it would therefore rest by the action of gravity; but when 
made to oscillate on both sides of this line, it describes parts 
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of an arc of a circle, the radius of which is the distance be* X, 
tween the point of suspension and the centre of gra^ty of 
the oscillating body. Its action, and therefore the time of 
one of its oscillations, depends both on its length and the 
attracting force at the point. The regularity which this 
lime of oscillation presents, under equal circumstances, has 
rendered it the fittest regulator of our clocks for measuring 
the time ; and the time of one second has been chosen, fpr ^ 
that purpose, in astronomical clocks^ to be represented by 
the motion of the pendulum in going from the one extreme 
point of its oscillation to the other^ on account of its conve- 
nient length. Astronomers have made use of the simple 
pendulum for the measure, or rather subdivision of time, pre- 
vious to its application to clocks by one of them, Huygens. 
Thus the benefit of our most accurate means of measuring 
i. time is also derived from astronomy. 

^ 180. The difierent number of oscillations described in 
^ one rotation of the earth, or a day, that is, 24 hours, either 
mironomieal or mean solar was first observed on the occasion 
. of a literary expedition to the neighbourhood of the equator, 
«^..iQ the southern continent of America, and often repeated 
'*^ afterwards. The pendulum vibrating seconds, as just men- 
tioned, at no more than thirteen minutes of latitude from the 
equator, was found to be^ (438,6 9 French lines, or) 38,96 
inches English ; and observations made in the latiti^de 
of 79° 60', gave for this length (441,37 French lines, or) 
89,199 inches English. 

Theory gives for the change of the length of the pendulum 
vibrating seconds, the ratio of the squares of the line drawn 
perpendicular from the point of observation to the plane of 
the equator. The difference to be minutely subdivided for 
each particular point of observation, according to its latitude, 
being very minute, no more than about half an inch from the 
equator to the pole, it is evident that these observations re- 
quire considerable care and attention, as well as calculation, 
upon all the influencing circumstances ; for here, as in all na- 
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^4- toM, and in all circomstances which we have seen in eelesdal 
bodies, any phenomenon whatsoever is the resnlt of a Coai* 
Knation of circumstances and efiects, and the principles upoa 
which we may ascertain the simple phenomenon, which ii tt> 
be inquired into, must be, either to neutralize the others by 
the arrangement of the experiment, or the methods of obserr^ 
big it, or to keep account of these accessary influenceSy as^ 
eertained, and numerically determined, from theory or abisfw 
ration, obtained by other means. 

It is evident that the quantity of the effect produced by the 
change of gravity between the equator and the pole, is mort 
sensible to observation, in tlie manner which has led to its 
discovery ; hence a pendulum of a constant length, wlU per^- 
form a different number of oscillations under different latitudes 
and at different elevations above the sea, and the ease which 
clocks afford us to count the number of these oscillations 
in a certain time, for instance a single day, furnishes, with 
great accuracy, a means to determine this other element of 
the calculations, by which the problem in view caa mgain }fB 
solved. 

The theory in fact shows that the number of oscillatioai 
in equal tiems is inversely as the square root of the length of 
the pendulum. Or to conclude the proportional ^avlty di^ 
rectly, which leads to the ellipticlcy of the earth, we have the 
principle : that the squares of the number of oscillations are 
as the gravity, at the different places, that is, inversely as the 
radii of the ellipsoidlc earth. 

This subject has been pursued of late with considerable 
ardour ; observations of the pendulum have been made ia 
a great number of places, and the figure of the earth th^iof 
deduced, compared with those of the actual measurement, 
made also in a great number of parts of the earth ; it has been 
found generally corresponding to an ellipticity of yj^ • they 
<san evidently give no more than this proportion in a geueni 
(brm, the accurate liueal dimensions can only be obtained by 
(H^toal measurement. The discrepancy between the result! 
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from these tvro sources being jnst now the subject of asddu- ,^^ 
ous scientific researches, it is proper as yet to delay all judg* 
nient upon their results and proportional accuracy. 

It must of course be expected that all the inequalities of 
the figure of the earth must influence the results of the pen- 
dulum ; and, besides, the local density will come into vieWj 
which may be as variable as the figure. 

In both the actual measurements and the pendulum obser- 
yationsi the results are always reduced to the surface of the 
sea^ which is considered as furnishing the surface, to be adopt- 
ed as the surface of the earth in general, as has been already 
observed. 

^ 181. In speaking of tfie moon, the connexion between 
the figure of the earth and the perturbations resulting from 
t}ie mutual influences of the earth and moon has been shown ; 
^m these, we again obtain a means to determine the ellipticity 
itself by a return of the theoretical calculations from the 
,. observed perturbations ; and this means is brought, by the 
present state of the science, to such a perfection, as to come 
into comparison with the two more direct ones which have 
kj^teen treated of; it gives for this ellipticity ^^j, little dif- 
* ^rent from the preceding determinations. So that an astro- 
nomer, without going out of his observatory, can solve a 
problem otherwise requiring extensive voyages to difierent 
parts of the globe. 

In a similar manner, the fall of heavy bodies upon the 
earth's surface, can be deduced from the revolution of the moon , 
around it, to the coincidence of about ri? part of a foot with 
actual observations; which corresponds to a diflTerence in the 
moon's parallax of three-fourths of a second ; both quanti- 
ties within the limits of the accuracy of this kind of obser- 
vations. The length of the pendulum compared to the 
moon's parallax gives approximate results upon the magni- 
tude of the earth, and this parallax is determinable by observa- 
tions at difierent aldtudes ; thud the astronomer can, by com- 
paring his observations with the theory, ascertain approxi* 
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«i;*b mitely even the magnitude of the earth, and its distance from 

the sun and moon, without leaving his observatory. 

§ 182. As we have already stated, the direction of gravity 
or the vertical line is a perpendicular to the horizon of the 
given place, and this plane is a tangent to the surface of the 
earth f in coOiequence of the ellipsoidal figure of the eartli, 
the perpendiculars or vertical lines can therefore pass through 
the centre of the earth only in those two places in which the 
radius of the earth is also perpendicular to the surface, and 
t therefore coincides with it : this takes place nnder the eqnt- 
tor, and at the poles ; in all intermediate latitudes, the radios 
of the earth, corresponding to th^ parallel, will form an angk 
with the above vertical line, which, we may conclude frosi 
the circumstance just stated, will be greatest at the paralU 
of the earth equally distant from the equator and the polo^ 
where it amounts to 1 V 6",4, for the ellipticity of ^y. If 
therefore any latitude is to be determined, as referred to tbf 
centre of the earth, it is still necessary to correct the resrift I 
of the latitude deduced from altitudes or zenith distances of 
celestial bodies, of which we have spoken above, for the ao- 
gle of the vertical line with the radius correspondiDg- to ibl 
place ; by this is obtained the real Geocentric latitude of the 
. jplace. In all cases, therefore, where the actual position of 
a point upon the surface in relation to the centre is to be de- 
termined, this geocentric latitude is to be employed ; such is 
the case in all determinations where the moon is concerned, 
especially in solar eclipses, occultations of fixed stars loDir 
distances, and, generally, wherever the effec^of the deviation 
of the vertical line from the radius measured at the centre of 
the earth may become observable. 

Thisiatitude is therefore, in fact, the same with that whidi 
is supposed to belong to a point on earth, under the most 
common acceptation, of latitude being the angle at the centre 
of the earth, between the radius of the point and the plane 
of the equator, when the earth is considered merely as a 
sphere. 
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The Immediate results of observations of celestial bodies, 
arising from . their reference to the vertic^ line, which is ^ 

that from which in fact alh observations must Set out, iis called 
by astronomers Observed latitude ; this is more convenient to 
•use in common determinations: at sea^ and sufficient for their 
.aiin; it is, however, necessary to distinguish b^twecM the two, 
■w^l calculations wherie theSgure of the earth 19 concerned, 
land which may require accuracy; in common life, this distinc*- 
itioQ shares the same fate as the difference between nuean ilnd 
tmetolar time, that is, to be disregarded. 

These two latitudes, therefore, progress according tio di^ 

.ferent liiws, from the equator to the polesj and neither of 

them represents for equal degrees of its angle equal distances 

jin the meridian upon the earth's surface ; thus, for instance, 

Millie point in the meridiau which is equally distant from the 

'..equator and pole, would be that, where the uncorrected lati- 

tudCf or the mere result of the observations, referred to the 

Vertical of the place, would give 46'' 6' 33",2, and not 46% 

'(the half right angle) in either of the two latitudes. 

, Thus we again find that the common language represents 

; an idea needing peculiar distinction, determination, and closer 

. investigation, as we have found to be the case every where in 

the revolutions of the heavenly bodies. 

^ 183. The parallax for which we have, in the preceding 
, parts, considered the radius of the earth as invariable, is evi- 
dently also variable, from the same cause ; and ik the same ratio 
as the radius of the earth's ellipsoid ; this becomes more sensi- 
■ ble in the Parallax of the mooUj which we have found varying 
considerably in consequence of its different distances in the 
. different parts of her orbit. A different radius must subtend 
a different angle at the same distance,. and the parallax must 
increase or decrease in the same ratio as the radius. At the 
equator, therefore, this parallax is the largest, and is therefore 
that which is given in tables and nautical ephemeries, from 
which, therefore, an observer in any other latitude has to deduce 
. the parallax corresponding to his place ; and this js^ of course, 
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farther iHlder tba tnfl«elice of tboie cbtages which c«ifrc<p(»id 
to the inclioatioB of the radiu of the earth towards the line of 
▼iiioa ; that if| the horisontal parallax corresponding to tht 
latitude, will again change with the angle of eleiratioiBr or the 
icakh distance of the moon ; and fron thit corrected sesok 
the efiect in any other phae, as for instance in right siscensioB 
and decliaation, htitade and longitude referred to theecliptk, 
Of in the bclined plane through the moon and aim or wiied 
star, is to be deduced; tlie former of these are necestery n 
solar eclipses and occokations of fixed stavs^ Use lactti^r in hh 
nar distances. 

The smallness of this change in the radiv* of the ensA, 
when compared with the distance of the Smm^ remfera ife 
efict almost entirely insensible in obserrations «fXM» thst 
body ; and only very minute calcnhtionSi which' stilf eiciBii 
the accuracy obtainable in common observatimis^ f «ke it laH 
account in that case, and in those of the nearest planetSi-^^ 
Here then we have the last step which the siatrononerii 
obliged to malie, to calculate with minute accuracy, fnM 
mathematical theories, applied to the motions of the cmestial 
bodhes and their appearances, that spectacle which tfaqf anit 
present to him at any particular point on earth ; he' lias still ) 
one difficulty to encounter similar to what he meetk daily ii 
the moral world, namely, the discussion of the efiSsct-of the 
medium through which this spectacle is presented to hidf 
that is to say, the Atmospheric Refraction^ of which we sbaD 
state the principles in the next chapter. 

^ 184. We should still have to discuss a subject of cob- 
siderable importance, if we had sufficient data to come tot 
conclusion upon it, namely, the actual Dinsity of the earllf 
compared with either one of its component parts that comtf 
under our immediate cognizance, as it is habitual to comptfe 
them among each other by means of the density of pine 
water. 

In Table II. line 15, the density of aUtbe planets has been 
9veni compared with that same unity by means oT the result 
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*of the measurement of die solidity of the mountain Sbel- 
b^UioD, and its effect in deflecting the pkimbline from the 
:vertical direction of the gravity of the earth ; observed by 
.neaps of zenith distances of ^tars on both sides of the moun*- 
tains, compared to those which should take place under the 
inAuence of gr^ivity alone ; the observed angular difference 
.yiras ; eleven seconds and two-thirds. This, aS' we have seen, 
gave 4,715 for the density of the earth, the density of water 
being i^qit*. : Put. we have £|€^n that proce^diqg frpinJhis stcale 
tOitbe deil^ity.of ith^ sm. and planets^ we. arrive^ at:()en^iti€|s 
for them whicfa are considerably at variance with opr ideas 
jof solidity, compiired to the different kinds of matter around 
us, and therefore with that state in which we should expect 
to find the sun or the planets ; we therefore find here a sub- 
jject of inquiry of considerable interest and difficulty for fu- 
tare philosophers; the present state of our knowledge renders 
ft proper to suspend any conclusion, and merely to take the 
earth as the unit, when compared with the planets, as has 
been observed in the general remarks upon the solar system. 
We may here remark, that all the principles of natural 
philosophy which we had to apply in our reasonings upon 
the physical state of the celestial bodies, lead us to the sup- 
position of a gradual increase of density with the approach 
to the centre of these bodies. The law of this increase is evi- 

• 

dently all that we are able to inquire into, in order to solve the 
problem, and this will have considerable difficulties, on account 
of the comparatively small depth to which we are able to pene- 
trate into the earth. We have already seen that attempts which 
have been made with this view, by the observation of the pen- 
dulum in mines, have indicated results that appear to lead to a 
rapid increase, and a much greater mean density, than what 
has been hitherto adopte4} on the faith of the observed de- 
viations of the plumbline. 

The theory shows already that the inequalities of the sur- 
face of the earth, the depth of the sea, and the different spe- 
cific gravity of the parts, do not influence the result of the ellip- 
28 
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ticity of the earth sufficiently to make the difference of moment 
for astronomical uses ; and the theory allows us to consider 
the earth as yielding, or rather as having originally yielded 
freely to the combined effect of the gravity and the centrifa- 
gal force. Thence, the lineal difference of the radii of the 
earth will be more observable, because proportionally ^eater 
than the variation of the mechanical effect from entire regu- 
larity. 

A reasoning exactly similar to the above, applies evidently 
to the analogous question of the actual or specific Heat of the 
earth, taken in mass, or its probably proportional increase 
towards the centre, upon which our indications are as yet 
too scanty to authorise us to draw any conclusions. 






Of the AtmotpktTe ; Atmospheric Rffratiton ; and tht Ttdet 
of the Sea and of the Atmosphere. 

§ 185. Matter presents ilself to U8 under three dlfierent 
states, of which each has its distinguishing qualities and 
mechanical laws. These three states are Solidift/, Liquidity, 
and Gaseous Fluidity; they have each their distinct, and 
exactly limited, relation to Gravity, though matter, as such, 
ii in all these three states equally subject to its influence; 
and this relation is susceptible of being expressed by mathe- 
matical formulae. 

Solidity implies a Cohenoa between the parts of matter, 
mptrior to Gravity. 

Liquidity presents a slate in exact equilibrium with gravity, 
and ibererore the most closely foliowiug its laws; we might 
indeed say representing them with exactitude. 

Gateous Fluidity impWes Elaslidty; with the introduction 
of (his additional property of matter we obtain what we may 
call a Force or Puioer, acting in oppositiou to Cohesion, and 
equally iudependcnt of Gravity. 

To apply these first principles of elementary philosophy 
to the purpose of our present inquiry, we have only to attend 
to the simple principles stated in delining the two latter states. 
Solidity, and its effects, we have generally assumed; or 
rather, we have not had need hitlierio to distinguish between 
the different states of matter ; we have had to consider Mass] 
that Is, an aggregate of matter, acting as one whole, produc- 
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iDg a certain mecbaDical effect, and yielding equally to tbe 
general law of gravitation. In this chapter, matter in the two 
other states comes under our consideration, with the above 
enumerated distinctive qualities ; and the elastic fluid, or at- 
mosphere, surrounding our earth, may be first considered, in 
order to complete the general account of our earth. Tbe 
peculiar effect of attraction, extraneous to that of the centre 
of gravity of our earth, which we can observe only upon the 
liquid and the fluid parts of our earth, and which we migbt 
consider as corresponding to the perturbatioas^ in tbe planet- 
ary system, because it acts as an apparent disturbance of 
the equilibrium of certain component parts of our globe^ will 
furnish a separate point of view under which to treat them. 

^ 186. In speaking of the sun, it was necessary to top- 
pose a general knowledge of the existence of our atmosphen^ 
and to state the general idea of the probability, we might say 
necessity, of it in all celestial bodies. Whether we consider 
it as that part of earthly matter most remote from the 
centre of gravity or attraction of the earth, and a consiitueirt 
part of the same, or as the result of the attraction of any 
centre of a celestial body upon the Ether, or most rare mat- 
ter, that we may suppose to exist in our solar system, and 
even the universe at large, condensed by the effect of at- 
traction ; we have, from observation and experience, that 
knowledge of its mechanical laws and effects, which enables 
us to conduct our investigations in respect to it according to 
the general principles of natural philosophy. 

§ 187. The elastic fluid of our atmosphere is the rarest of 
the three distinct kinds of matter that surround our earth. 
The perfectly free motion of its particles among each other, 
which enables it, by its elasticity, to occupy with equal quanti- 
ties a larger or smaller space, renders it also compressible by 
its own weight ; that is, by the effect of gravity upon its parts. 
In consequence of this, its density is continually decreasing f 
with the augmentation of the distance from the surface of | 
the earth, or What is called its altitude. This decrease takes 
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))lace in a geometrical ratio, corresponding to the arithmetic 
cal ratio of the elevation. From this circnmstance has been 
deduced a very convenient method of determining the eleva- 
tibn of poidts on the sufrface of the earth, above the level Of 
llre'§ea, by means of the height'of a cOlumd of mercury,- the 
heaviest fluid that we have in our ordinary tempei^tures, being 
|)ut in equilibrium with the presstire of the atmosphere by means 
cif the Barometer. This will at any places by the length of the 
column of mercury, indicate the pressure of the whole superid- 
ictnnbent atmosphere, whence any diflerence observed between 
tT^o places will correspond to a certain elevation between them ^ 
the laws of their mutual dependance, having regard to all 
the mfluencing circumstances, have been so well investigated, 
as to lead to very satisfactory results, when the observations 
are performed with proper care. 

A few remarks will show, that it is an idle pursuit to at- 
tempt to determine the actual height of the atmosphere. We 
have for the law of this research a geometrical series, de- 
creasing from the point at the surface of the sea, where its 
largest term is variable ; the number of terms are unascer- 
talnable, and though always approaching to nought, yet 
never reach it exactly. Of such series we have had exam- 
ples in all the epochs and movements of the celestial bodies, 
Whose returns are only approximate. In all actions, or re- 
sults from joint causes, we find a point of equilibrium, gra- 
dually approaching ; in this case we have the Elasticity and 
the Gravity of the air, which act in contrary directions, and 
under various influences ; to assign that limit to them in 
which they would equilibrate exactly, would be assigning 
the limit of the atmospere ; but gravity we have seen to ex- 
tend to such distances as would give no absolute limit to its 
action, and the elasticity of elastic fluids, in the state of 
rarity in which the atmosphere may be, at the great distance 
at which we should be willing to place this limit, is yet un- 
known to us, as much as its real nature. The conclusions 
which we might draw from the twilight, have reference only 
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to one of its peculiar properties, that of refracting light; 
which we must naturally suppose to become observable to 
US only at a certain ^nsity of the atmosphere, which we 
have more than sufficient reason to believe to be far below 
its greatest elevation ; this would correspond to an elevation 
of 196844 feet. 

The greatest height to which the atmosphere has yet been 
penetrated, is 23018 feet, being 1640 feet above Chimbo- 
nago, tbc^highest point of the earth in America. This height 
was obtained by rising in an aerostat; the Barometer was there 
observed to stand at a little less than 13 inches, while at the 
sea shore, it is usually about 30 inches. At this elevation, 
the temperature was 22^ below freezing, while at the earth's 
surface it was 70^ above it (Fahrenheit's scale) ; and the 
aeronauts, Gay Lussac and Arrago, found the state of the 
atmosphere unfavourable to breatlie in* 

^ 183. It would carry us too far from the general tenor 
of this work to enter into the details of the constituent parts, 
the properties, either chemical or mechanical, of the atmos- 
phere ; they are, however, of great interest. As the most 
extended and most rare part of our globe, the variation hfitg 
state is the greatest, and its influences the most extendve j 
these subjects belong to general physics and to meteorology. 
Of its general effect, in respect to heat, and as the medium 
in which we live, there has been said of it as much as may 
suffice for our object, in speaking of the atmosphere of the 
sun ; the property of it that falls more peculiarly under our 
consideration, connected with astronomy, is that of refract- 
ing the light. 

^ 189. Borrowing from the principles of optics the geQjeral 
fact : that the rays of light passing from one transparent me- 
dium into another of greater density, under an angle other 
than the perpendicular to the plane dividing the surfaces, will, 
at the point of incidence, deviate from their former straight 
course towards this perpendicular ; we must immediately per- 
ceive that the density of our atmosphere gradually increasing 
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with the proximity to the earth, a constant deviation of the light 
from the outside until it reach our eyes must take place. Any 
celestial phenomenon will therefore appear in a place different 
from that in which it really is. The ray of light from any ce- 
lestial body will describe, under this influence, a curve in oar 
atmosphere, which, ultimately meeting our eyes, will present 
itself to us as coming in the direction of a tangent to this 
curve- at our eye. This deviation will evidently take place in a 
plane perpendicular to the horizon, and therefore affect every 
vertical angle observed. The curve bending more and more 
towards the earth, the tangent to it under which we observe the 
ray of light will, therefore, be more elevated than the direct 
line. The angle between this tangent and the direct line to 
the celestial body is called Astronomical Refraction. If we 
knew the altitude of the atmosphere, and its exact nature in 
regard to this deviation of light, with the law of its progress 
according to the increasing density, we might calculate the re- 
fraction theoretically, as the change occasioned by the angle of 
incidence is founded upon simple geometrical principles ; but 
the remarks just made upon these subjects show, that here we 
must appeal entirely to observation for the elementary num- 
ber that is employed in all the calculations, which in astro- 
nomy is caUed the Constant Factor; this has been of late 
determined with considerable accuracy and care, as have 
also the theoretical laws, with the co-operating influences. 
As the variation depending on the angle under which the ray 
of light passes the atmosphere, is so much the greater the 
more this ray of light differs from the perpendicular, the re- 
fraction at the horizon is the greatest ; the quantity or angle 
of this horizontal refraction is given in Table II. for several 
planets. At the Zenith it becomes nothing ; because the rays 
of light falling upon the different atmospheric layers, of 
different successive densities, in a perpendicular direction, 
no deviation or refraction is occasioned. 

^ 190. Knowing now that the principle which we hare 
msed in our observations, to determme the positions of the 
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C^estial bcMlies in relation to the zenith, ig affected by Refrae" 
IJM, we are obliged to obtain its determination by a methodi 
which, as we might say, neutralizes this effect by its mode of 
operation. For this purpose, are principally used observa- 
tions of such fixed stars^ as, on account of their distance 
from the pole being less than the latitude of the place of 
observation, will pass the meridian, on both sides of the pole 
above the horizon. It is easily seen that, as the fixed stars do 
not change their positions to any perceptible amount between 
two such passages, stars so situated give, by the difference of 
the results of their altitudes, when referred to the invariable 
polar distance, the difference of the effect of the astronomical 
refraction in their two different passages. But the different 
influence of the different state of the atmosphere, which 
complicates the appearances, must be taken into account to 
determine the laws of the change, as well in proportion to the 
altitudes, as to the causes producing changes in the atmosp 
pheoe ; these effects are determined in accordance with mathe« 
matical principles, for the different states of the atmosphere, 
as indicated by the Barometer and the Thermomeierf tht two 
most perfectioned meteorological instruments that we have «t 
present. The variability of the atmosphere being bdepen-* 
dent of the observation, or the position of the celestial body, 
this influence constitutes a peculiar correction to be applied 
to the effect of the refraction according to the given case. . 
. ^ 191. In investigating the principles of the pertui^bations, 
we have seen that the effect of an attraction extraneous to 
that which the celestial body obeys in its revolution, or if we 
may say so, of a minor or partial gravitation towards others, 
occasions an enlargement of the ellipse of revolution, when the 
attracting point is outside of the same. We have seen the 
most marked effect of this extraneous attraction in the orbit 
which the moon describes around the earth, as affected by the 
attraction of the sun. We have also seen that notwithstand- 
ing the small mass of the moon, its effect upon the earth was 
lieniarkably great in its consequences. 
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Having stated at the beginning of this chapter, the fact of 
three different states of matter on onr globe, and the variety 
they present in their relation to gravity, we might a priori be 
induced by the confrontation of these two facts, to inquire 
into the possible difference of the influence of an attraction 
other than that of the centre of the earth upon each of these 
states* In the solid state, the Cohesion of the parts, joined 
to their density, as it presents to us difficulties in their separa- 
tion, and requires more power to overcome their gravity, we 
have also to expect it to be more free from any change of 
shape from the lesser extraneous attractions ; indeed we also 
find in nature no ascertainable effect, and the sroallness of the 
effect observed upon the liquid part of our globe, the seas, 
might be considered as indicating that the effect upon the 
solid part of the earth must be entirely unobservable. 

But, as Liquidity presents a state in perfect equilibrium 
with gravity, the great mass of water upon our earth, the sea, 
in a change of its form, and of the relative position of its parts, 
must exhibit the effect of the attraction of the moon and (he sun^ 
corresponding to the proportion their attraction bears to the 
earth itself. In this way the form of the surface of the sea is 
modified into that of an elongated ellipsoid^ presenting the 
form resulting from an equilibrium between the co-operating 
attractions. The moon and the sun having each necessarily 
its own separate effect, the intermixture of the two figures 
produces an intermediate form, which varies daily, in con- 
sequence of the different angle of the directions under which 
the sun and moon act upon the earth. 

If we suppose the sea to surround the whole earth, it would, 

within the time of its revolution in relation to the sun and 

the moon, present this form, successively changing its position 

in proportion with the relation of their diurnal revolution. 

The elevation of the water towards each of the attracting 

points, will cause a depression on both sides, at right angles 

to that line, and another elevation on the side of the earth op* 

posite to the attracting point, or as we have seen above, to the 
29 
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direction resuhing from the combined attraction of the sun 
and moon. 

Thus the surface of the sea always presents four distinct 
jpoints, of which two, diametrically opposite to each other, 
. are elevated above the oatural level ; and two others, likewise 
diametrically opposite, and at right angles to the two pre- 
ceding ones, are depressed below this mean level. Every point 
of the circumference of the earth on the sea shore, therefore, 
sees, twice hi the course of one rotation, or day, the waters of 
the sea swelling against the land, and again twice receding 
from it ; the first is called the Flood, the second the jE66, of 
the nea, and the whole phenomenon constitutes what is called 
the Tides. 

^ 192. In the tides, then, we again have a combined efiect 
of the attraction of the sun and the moon, subject to all the 
variations of the relative magnitude of their influence, which 
varies naturally according to their distance, and the angle 
under which they act. On account of the proximity of the 
moon, compared with that of the sun, the effect of the moon 
upon the tides is about three times as great as that of the sun, 
the tides therefore, generally speaking, follow the course of the 
moon ; the action of the sun modifies this effect, but this modi- 
fication, though of great importance, is discernible rather 
in changing thee onsequences of this effect, than in the general 
course of the phenomenon. 

We are aware, from what has been said heretofore, that 
the variation of the distance of the moon, or even of the sun, 
the different angles the direction of their action makes with 
the equator of the earth, considered as the plane of rotation, 
in which the principal action of the tides must take place, and, 
therefore, the variation of the angle the moon's direction 
makes with the plane of the ecliptic, in which action of the sun 
takes place, which are all variable quantities, must influence 
the quantity of the tides. Hence arise a variety of epochs 
similar to what we have seen in other parts of astronomy ; 
we should therefore again have a variety of details to consi- 
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der, and several epochs to determine, which cross each otberi 
if we would enter into the details which it furnishes to analytic* 
calculation; of these, however, a few of the principal results 
may suffice to give a clear idea of this subject, which is all 
that is to be done in this place. 

§ 193. The general phenomenon that is first apparent, 
shows us the waters of the sea rising for somewhat more than 
six hours, and falling an equal length of time, to rise and fall 
again with little variation during the other half of the day, so 
as to coincide again the next day with the same relative situation 
of the moon ; these changes occupy in two such revolu- 
tions, about fifty minutes and a half more than one day.— 
If we commence daily observations upon this phenomenon 
at the time of the conjunction of the sun and moon, that 
is, at J^ew mooriy we shall soon observe that the magnitude 
of its efifect is the greatest at that time, and diminishes 
till the sun and the moon appear at right angles to each other, 
or in quadrature. The reason of this is as follows : the two 
lines of their attraction are then perpendicular to each other, 
and therefore the resulting elongation towards the moon is 
only the d.ifierence of the two efiects united at first. From 
this tin*e, the magnitude of the tides will increase again until 
the Full moon, when the action of the sun and moon being in 
the same line, but in opposite directions, will both again tend 
to lengthen the same axis of the elongated ellipsoid, and pro- 
duce an effect nearly equal to that of the new moon. 

These variations of the magnitudes of the tides will again 
vary in consequence of the combination of the changeable 
distances of the sun and moon from the earth, and be so much 
the greater, the smaller they are. That in this also the angle 
with the equator, under which they act, comes into considera- 
tion, is self-evident. 

Observation has also shown a decided increase of the tides 
at the times of the equinoxes and solstices, which added to 
the before mentioned circumstances, produce the greatest ele- 
vations of the tides at the new moon and full moon, nearest 
to these epochs. 
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^ 193. The magnitcicle of the tideSi thoagh it preserves 
the above laws of variation, is however different at every dif- 
ferent places, in its absolute quantity, and varies, between high 
and low water, from three to sixty five feet. It generally ap- 
pears to be higher in higher latitudes, where the line of at- 
traction is under a less angle with the surface of the sea, and 
thence acts under more favourable circumstances against the 
attraction of the earth upon it ; the maximum falling in 79^ 
degrees of latitude. But this quantity is generally so much 
Dnder the influence of local circumstances, such as the depth, 
width, and configuration of the channel it may have to pass, and 
the configuration of the shore upon which it takes place, the 
currents of the sea, and the prevailing winds. Sec., that no ge- 
neral law is as yet discoverable. 

Theory alone would give it directly in proportion to the 
magnitude of the attracting mass, and inversely as the square 
of the distance, combined with the attracting power of the 
earth, under various angles. In order then to obtain a series 
of comparable observations, with a view to the investigation 
of the theory, it is necessary to continue them at the same place, 
under the same circumstances as to local influence- during the 
whole time of one or more Revolutions of the mootA. orbit ; 
that all the situations of the moon, in relation to the sun, may 
be compared in every respect. There will still, after this, re- 
main the influence of the winds as an accidental circumstance 
to be noticed, of which no account can be kept, but which is 
considerable, 

Though the action of gravity is propagated with more ra- 
pidity than that of light, the greatest effect of the tides fol- 
lows the moment when the position of the moon would indi- 
cate it at various intervals. In this, as in the magnitude of 
the tides, the influence of local circumstances is very great, 
therefore this time of retardation is usually indicated for the 
different seaports, as it takes place at the time of full and new 
moons ; this must of course be also subject to the variation 
of the force producing the tides, and therefore varies with it* 
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§ 195. The phenomenon of the tides presents such a di* 
rect connexion with the attraction of the moon, that it can 
be again employed inversely in the determination of some of 
the other results of this attraction, as for instance, the propor- 
tion between the lunar and the solar nutation, and other simi- 
lar data ; for instance, the mass of the moon has been deter- 
mined by it to be ^f y, or 0,014556 of that of the earth. 

^196. Seeing that such an effect is produced upon the sea^*' 
by the extraneous attraction of the sun and moon, we are con- 
vinced that a similar one of much greater lineal extent must 
take place in the atmosphere, the physical state and propeiv 
ties of which render its influence so much more easy ; and on 
account of its full freedom all round the earth, its motion must 
be constant and unimpeded, the differences of elevation of the 
surface of the earth being too minute to have any remarkable 
influence in this respect. The atmosphere has been considered 
to form an ellipsoid around the earth, the proportion between 
the polar and equatorial diameter of which is as 2 to 3. The 
effect of these tides must therefore be different at different 
latitudes. 

The influence of the varied temperature, whether local or 
general, shows us a great variation in the barometer, the in- 
strument by which we measure the pressure on what we call 
the temporary height of the atmosphere ; however, the varia- 
bility of its other mechanical powers, and its chemical state, no 
doubt, have a great share in producing the variations which we 
observe in the barometer. The number of circumstances and 
influences combining, necessarily require an extension of the 
series of obser^'ations leading to a theory ; the circumstan- 
ces must also be determined for a great length of time, and a 
great variety of places, they require the co-operation of many 
persons, and a close and frequent daily attendance. This 
has not, however, impeded this interesting inquiry ; registers 
continued for long series of years have been made, and the 
corresponding observations are multiplying constantly ; but 
an accurate systematic result is as yet so much more difficult, 
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at the chemical influences in the atmosphere appear to be as 
great, if not greater than the mechanical ones. 

The fact of the daily tide in the atmosphere has been al- 
ready discovered to arise both from the sun and the moon; but 
observations must be made upon this subject, which essenti- 
ally distinguish the phenomenon of the tidesof the atmosphere 
from those of ibe sea. We cannot observe it by an actual lineal 
^joeasure, like the tides of the sea. An extraneous attraction 
upon an elastic fluid will not draw it from its place in the 
same state of density in which it is there, as is the case in 
water ; but it will, at the same time with this extension, di- 
minish its density, and we might even expect this to be the 
greater part of the efiect. Hence the equilibrium which we 
observe in the column of mercury of the barometer, can only 
indicate a fractional efl*ect of the atmospheric tide, and this 
is shown by a very reduced lineal magnitude ; namely, in 
the proportion of the height of the atmosphere to the column 
of mercury. All this is likewise subject to the modification 
of what we may call this height of the atmosphere, which, as 
seen above, we are deprived of direct means to ascertain. We 
may hence conclude, that the tides of the atmosphere, which 
principles indicate as unavoitlably existing, consist rather in 
a change of its density, or at least more in this than in an ex- 
tension of the denser part of it to a greater elevation above 
the surface of the earth ; this fact^ therefore, renders the in- 
vestigation a much more delicate subject. In this, as well as 
in all other subjects in Meteorology, we are not yet prepared 
to obtain accurate results ; and a deeper inquiry into them 
lies out of the limits of our aim in this volume. 



CORRECTIONS. 



Page 3, line 30, for " apparent,*' read " apparently difierent." : a 

13, 27, lor " IbOO," read " IHOl." 

— , 28, for »« 1813," read " 1S20." »-^ 

16, 21, for "given," read " represented." >. . ^ 

18, 22, after ** exterior,' ' add '' to each otlier." » 

20, 3, for " 1 and 2," read " 2 and 3." 

— , 4, lor " Fig. 1," read " Fig. 2." * - ' 

— , 8, for " Fig. 2," read " Fig. 3." ^« 

— , 23, for " Fig. 2," read " Fig. 3 " 

34, lU, for " apparent angular, ' read " apparent greatest angular/' 

35, 36, for " and approaches," read " and lie approaclies." 

36, 36, for " in," read " in her." 

38, 10, for " increases," read '* decreases." 

— , 29, for " most," read " more." 

— -, 31, tor " from her firsc appearance," read ** since hei last appearance.*' 

42, 14, for " Venus." read " Venus ; and." 

43, 38, for " superior," read '^ superior to cacli other.' ' 
46, S3, for " even," read " if it." 

53, 30, for " ascertained," read " resulting." 

56, 7, for " relation," read " rotation." 

— , 15, for "eiglith," read "eight." 

63, 7, for " supposition that," read " supposition of that." 

73, 3. omit " ji^." 

85, 36, for " and," read " acting." 

94, 19, for " place," read " direction." ■ ^ 

110, 15, for " of tlie," read " by a." 
— , 33, tor "t," read "I'." 

111, 3, for" t," read" t'." 
119, 7, for " the," read " their." 

122, 5, for " Orbit," read " plane of the Equator." 

— , 22, for " direct," read " full." 

124, 24, for "as equaled," read " of Jupiter." 
— , 32, after " expect," add " it." 

125, 28, alter " times," add " that." 

137, 22, for " of that of," read " of that of the orbit of." 

138, 10, for " Table H." read " Table III." 

— , 1.1| for " distance,'* read " distance from us." 

141, 1, for " calculated," read "contained." 

157, 2, for " with their orbits," read ** with the plane of their orbits." 

163, 33, for " stars," read " stars ;" 
— , 35. for " time ;'* read " time,'* 

164, 24, for " sphere ;*' re^d " sphere," 
168, 24, after " such,** omit the comma. 

182, 25, for " have," pead " leave." 

183, 12, for " nebule," read " nebula." 
— , 19, do do. 

187, 2, after " finds," add " thoni subject to** 

199, 19, for " ppini ;" read " point," 

200, 5, for " ahd be," read " and there be." 

205, 5, after " indicate," add " with f^aiisfactory accuracy." 

207, 4, lor " elliptic," read " ellipsoidic." 

— , 28, after " present," add " us." 
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